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Preface 


Pediatric urology covers a wide range of medical conditions from those 
managed medically (e.g., voiding dysfunction) to those managed surgically 
(e.g., bladder exstrophy). Although some conditions are similar in both chil- 
dren and adults, such as hematuria and hydroceles, their etiology and man- 
agement may be different. This has led to the commonly accepted principle 
that children with urologic conditions should not be treated as small adults. 
Unlike adults, the ratio of congenital to acquired conditions in children with 
urologic conditions is much higher. Congenital and acquired conditions in 
children may require observation (e.g., hydronephrosis and renal trauma, 
respectively), reconstruction (e.g., urethroplasty for hypospadias and buc- 
cal mucosal urethroplasty for failed urethroplasty), or excision (e.g., hem- 
inephrectomy associated with an ectopic ureter and orchiectomy for testicu- 
lar torsion). 

Due to the relatively few fellowship-trained pediatric urologists in the 
United States, a vast number of children are evaluated and treated for uro- 
logic conditions by urologists practicing general urology. Pediatric Urology: 
A General Urologist’s Guide is written specifically for general urologists as 
a concise and comprehensive reference of the more common pediatric uro- 
logic conditions. Other health practitioners (i.e., pediatricians, family prac- 
titioners, residents, medical students, and midlevel providers) will also find 
this book as a key reference. 

Well-respected pediatric urologists have been carefully chosen to author 
the chapters due to their expertise. This will assist the healthcare provider to 
rapidly review the essential aspects of the physical examination, evaluation, 
diagnostic testing, and management while the patient is still in the office. 
The chapters are also arranged into four sections to allow for easier access 
to the information: office urology, genitalia, urinary tract, and miscellaneous 
topics. Furthermore, the first chapter is dedicated to facts and figures that 
serve to allow easy access to this information. Upon completion of this text, 
it is my sincere hope that the reader will have the essential information to 
assist them in the care of children. 


Jeffrey S. Palmer 

Pediatric and Adolescent Urology Institute 
Cleveland, OH, USA 

Cleveland Clinic Lerner College of Medicine 
of Case Western Reserve University 
Cleveland, OH, USA 
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OFFICE UROLOGY 


Pediatric Urology Facts 
and Figures 


David M. Kitchens 
and C. D. Anthony Herndon 


Table 1.1 
Mean blood pressure norms for boys and girls 


Age Boys (mmHg) Girls (mmHg) 
1 year 

Systolic blood pressure (SBP) 98-101 98-102 
Diastolic blood pressure (DBP) 52-54 54-58 
2 years 

Systolic blood pressure (SBP) 100-104 101-106 
Diastolic blood pressure (DBP) 55-58 58-62 
3 years 

SBP 101-105 102-107 
DBP 58-61 60-65 
4 years 

SBP 102-107 103-108 
DBP 60-64 62-67 
5 years 

SBP 103-108 104-110 
DBP 63-67 64-70 
6 years 

SBP 105-110 105-111 
DBP 66-69 67-71 
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Table 1.1 

(continued) 
Age Boys (mmHg) Girls (mmHg) 
7 years 
SBP 106-111 106-112 
DBP 68-71 68-72 
8 years 
SBP 107-112 107-113 
DBP 69-73 69-73 
9 years 
SBP 107-114 108-114 
DBP 70-74 71-73 
10 years 
SBP 108-116 109-116 
DBP 72-16 72-713 
11 years 
SBP 110-118 111-120 
DBP 74-16 74-715 
12 years 
SBP 113-122 114-122 
DBP 75-16 75-16 
13 years 
SBP 115-126 116-123 
DBP 74-717 75-16 
14 years 
SBP 119-129 118-123 
DBP 74-80 76-77 
15 years 
SBP 123-130 118-124 
DBP 75-81 76-78 
16 years 
SBP 126-132 119-124 
DBP 77-82 76-78 
17 years 
SBP 128-134 120-125 
DBP 78-83 76-78 


Adapted from Rosner, B et al. Determination of Blood Pressure Percentiles 
in Normal-Weight Children: Some Methodological Issues. American Journal of 
Epidemiology. 2008; 167(6):663. 
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Table 1.2 
Mean fetal renal length 
Weeks gestational age Longitudinal mean (cm) Transverse mean (cm) 
16-20 1.7-2.1 1.0-1.4 
21-24 2.1-2.8 1.5-1.7 
25-28 2.9-3.3 1.6-1.9 
29-32 3.5-3.7 2.0-2.1 
33-36 3.7—4.1 2.2-2.5 
37—40 4.2-4.3 2.4-2.6 


Adapted from Shin, JS et al. Nomogram of Fetal Renal Growth Expressed in Length 
and Parenchymal Area Derived From Ultrasound Images. The Journal of Urology. 2007; 
178(5):2153. 


Table 1.3 
International grading system for VU 


Grade I Ureter only 
Grade II Ureter and renal pelvic and calices 
without dilation 
Grade III Moderate tortuosity and dilation of 
ureter and renal pelvis, blunting of 
calices 
Grade IV Moderate tortuosity and dilation of 
ureter and renal pelvis, obliteration of 
sharp angles of fornices but papillary 
impression in majority of calices 
Grade V Severe tortuosity and dilation of ureter, 
pelvis and calices, papillary 
impression are not present 
International system of radiographic 
grading of vesicoureteric reflux. 
International Reflux Study in Children 


Reprinted from Lebowitz RL. Literature in Pediatric Urology. Pediatric Radiology. 
1985; 15(2):105-9. 


Table 1.4 
Bladder capacity 
Age + 2=0z x 30=cc 
<2 yr 2x age (years) + 2=0z x30 =cc 
>2 yr Age (years)/2 + 6= oz x30=cc 


Reprinted from Kaefer M. et al. Estimating Normal Bladder Capacity 
in Children. The Journal of Urology. 1997; 158:(6) with permission from 
Elsevier 
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Table 1.5 
Society for fetal urology hydronephrosis classification 


Society for fetal urology hydronephrosis classification 


0 No renal pelvis splitting 

1 Renal pelvis dilation/splitting only (Fig. 1.1) 

2 Renal pelvis dilation/some calyceal dilation (Fig. 1.2) 

3 Renal pelvis dialation, all calyceal dilation but no parenchymal thinning 
(Fig. 1.3) 

4 Renal pelvis dialation, all calyceal dialation may be convex, parenchymal 


thinning is present (Fig. 1.4) 


Society for fetal urology ureteral dilation classification 


1 <7mm 
2 7-10 mm 
3 >10 mm 


Reprinted from Maizels M. et al. Grading Nephroureteral Dilatation Detected in 
the First Year of Life: Correlation with Obstruction. The Journal of Urology. 1992; 148: 
609—614 with permission from Elsevier 


@ 
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Fig. 1.1 SFU Grade 1 hydronephrosis 
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Fig. 1.2 SFU Grade 2 hydronephrosis 
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Fig. 1.3 SFU Grade 3 hydronephrosis 
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Fig. 1.4 SFU Grade 4 hydronephrosis 
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Table 1.6 
Tanner staging 
Male Female 

Stage I Pre-adolescent; no pubic hair Pre-adolescent; no pubic hair 

Stage II Sparse long, slightly pigmented Sparse long, slightly pigmented 
downy hair, straight or downy hair, straight or 
slightly curly, appearing slightly curly, appearing most 
mostly at base of penis along labia 

Stage III More dark, coarse and curled. More dark, coarse and curled. 
Spreads over pubis Spreads over pubis 

Stage IV Hair is adult type but smaller Hair is adult type but smaller 
area. No hair on inner thighs area. No hair on inner thighs 

Stage V Adult quantity and quality, Adult quantity and quality, 
inverse triangle, inner thighs inverse triangle, inner thighs 
but not above linea alba but not above linea alba 

Stage VI Wide spread pubic hair above 
pubis (mid-twenties) 

Male genitalia Female breast 

Stage I Pre-adolescent; testes, scrotum Pre-adolescent; papilla elevation 
and penis are same size and only 
proportion as childhood 

Stage II Scrotum and testes enlarged Breast bud stage; elevation of 
with change in scrotal skin breast and papilla as a mound, 
(some reddening) enlargement of areola 

Stage III Growth of penis, mostly length Enlargement of breast and 
but some breadth. Further areola, with no separation of 
growth of testes and scrotum. contours 

Stage IV Penis further enlarged in length Projection of areoa and papilla 
and breadth with development to form a secondary mound 
of glans. Testes and scrotum above the level of the breast 
further enlarged. Darkening 
of scrotal skin 

Stage V Genitals adult size and shape Mature stage; projection of 


papilla only, recession of 
areoa to the general contour 
of the breast 


Adapted from Marshall WA, Tanner, JM. Variations in Pattern of Pubertal Changes in 
Boys. Archives of Disease in Childhood. 1970; 45:13-14. 

Adapted from Marshall WA, Tanner, JM. Variations in Pattern of Pubertal Changes in 
Girls. Archives of Disease in Childhood. 1969; 44:291—292. 
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Table 1.7 
Treatment options for constipation 


Fiber supplements 

Metamucil (wafers, capsule, powder) 

Benefiber (powder, chewable tablet, candy 
drops) 

FiberCon caplet 

Citrucel caplet 

FiberChoice Chewable tablet 


Colonic motility agents 
Polyethylene Glycol 3350(MiraLax) 


Lactulose 15 cc po qd 
Mineral Oil 1-2 tbls prn 
Colace 


> 5 yrs 17 g, <5 years 8.5 g 


> 12 yrs 50-200 mg qd, 6-12 


yrs 40-120 mg/qd, 3—6 yrs 


2 cc Liq tid 
2-5 yrs 1 g, > 6 yrs 2-3 g 
6-11 yrs 5-7.5 cc qhs, 2-5 


Glycerin suppository 
Senokot Children’s 


yrs 2.5-3.75 cc qhs 


Reprinted from Herndon CD, Joseph DB. Urinary Incontinence. Pediatric Clinics. 


2006; 53:363-377 with permission from Elsevier 


Table 1.8 


Oral treatment options for dysfunctional voiding 


Anticholinergics Dose 
Ditropan (Oxybutynin Chloride) 0.2 mg/kg/dose 
Ditropan XL (Oxybutynin Chloride) 5 mg qd 
Levsin (Hyoscyamine sulfate) 0.03 mg/kg bid 
Pro-Banthine (Methantheline bromide) 0.5 mg/kg bid 
Detrol (Tolterodine tartrate) 0.02 mg/kg bid 
Detrol LA (Tolterodine tartrate) 2 mg qd 
Alpha-I Adrenergic Blockers 

Flomax (Tamsulosin) 0.4 mg qhs 
Uroaxtral (Afluzosin) 10 mg ghs 
Cardura (Doxazosin) 0.5 mg qhs 
Hytrin (Terazosin) 1 mg ghs 


Max 
0.6 mg/kg/day 
15 mg qd 
0.1 mg/kg bid 
0.5 mg/kg qid 
2 mg bid 
4 mg qd 


0.4 mg qhs 
10 mg qhs 
1-2 mg ghs 
2—4 mg ghs 


Reprinted from Herndon CD, Joseph DB. Urinary Incontinence. Pediatric Clinics. 


2006; 53:363-377 with permission from Elsevier 
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Table 1.9 
Normal serum creatinine levels based on age 
Age Creatinine, Blood 
0-2 years 0.2-0.6 mg/dl 
8 years 0.3-0.7 mg/dl 
11-13 years 0.4-0.8 mg/dl 
14-17 years 0.4-0.9 mg/dl 
> 16 years 0.7-1.5 mg/dl 


1997 Children’s Hospital of Alabama Handbook 


Table 1.10 
Vesicoureteral reflux resoltion rates 


VUR resolution I year 3 years 5 years 
Grade I 39% 718% 92% 
Grade II 28% 63% 81% 
Grade III unilateral (2-5 years) 13% 35% 51% 
Grade III bilateral (0-2 years) 

Grade III bilateral (2-5 years) 1% 20% 30% 
Grade IV unilateral 16% 41% 58% 
Grade IV bilateral 4.00% 8.00% 10% 


Adapted from AUA Pediatric Vesicoureteral Reflux Guidelines Panel. 
http://www.auanet.org/content/guidelines-and-quality-care/clinical-guidelines/ 
patient-guides/pedreflux.pdf Accessed May 26, 2010. 


Table 1.11 
Mean renal length: sonography 


Renal length cm 
0-6 months 4.5-6.2 
6-10 months 6.2 
1.5-3.5 years 6.6-7.4 
3.5-5.5 years 7.4-8.0 
5.5-7.5 years 8.1-8.3 
7.5-9.5 years 8.3-9.2 
9.5-11.5 years 9.2-9.6 
11.5-13.5 years 9.6-9.8 
13.5-16.5 years 9.8—10.0 
16.5-18.5 10.0-10.8 


Adapted from Rosenbaum DM, Korngold E, 
Teele RL. Sonographic Assessment of Renal 
Length in Normal Children. http://www. 
ajronline.org/cgi/reprint/142/3/467.pdf Acces- 
sed May 26, 2010. 
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Table 1.12 
Double JJ Ureteral stent size 
Age (years) + 10 = length in cm 
Adapted from Palmer JS, Palmer LS. Determining the Proper 
Stent Length to Use in Children: Age Plus 10. The Journal of Urol- 
ogy. 2007; 178:1566-1569. 
Table 1.13 
Commonly prescribed antibiotics 
Oral antibiotics Dose Max 
Macrodantin (Nitrofurantoin) 1.5 mg/kg/dose qid 400 mg qd 
Bactrim, Septra 5 mg/kg/dose bid 1600 mg qd 
(Sulfamethoxa- (Trimethoprim) (Trimethoprim) 
zole/Trimethroprim) 
Keflex (Cephalexin) 10 mg/kg/dose qid 4000 mg qd 
Cipro (Ciprofloxacin) 10 mg/kg/dose bid 1500 mg qd 
Intravenous antibiotics Dose Max 
Ampicillin 50 mg/kg/dose qid 12000 mg qd 
Gentamicin 2 mg/kg/dose bid based on serum 
levels 

Fortaz (Ceftazidime) 50 mg/kg/dose tid 6000 mg qd 


Adapted from Lexi-Comp ONLINE. http://online.lexi.com/crlonline 


Table 1.14 
Normal stretched penile length by age 


Age Length (cm) 
Birth >2 

2 years >2.5 

4-12 years >4 

14 years >5 

16 years >6 

20 years >8 


Adapted from Aaronson IA. Micropenis: Medi- 
cal and Surgical Implications. The Journal of 
Urology. 1994; 152:4—-14. 
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Table 1.15 
Prenatal hydronephrosis: postnatal evaluation 


> 4mm AP renal pelvis <33 : 
weeks gestational age Ectopic 
ureter/ureterocele 
> 10 mm AP renal pelvis > 33 i 
Suspect BOO (Puv, PBS, weeks gestational age “Well-tempered 
Urethral atresia, Cloacal Amoxicillin 125mg/5cc(20 mg/kg/qd) renogram” 
anomaly, Megalourethra) Į 
a RBS US Day 2 
RBS Day 1 F 
A VCU within 1 month Incision 
VCU or place catheterDay 1 Į Upper pole 
i R heminephrectomy 
Individualized Therapy 1 month RBS Excision of ureterocele with 
reimplantation 
aw | er Upper to lower pole uretero- 
ureterostomy(pyelo- 
pyelostomy) 


Day 2 RBS-Nml SFU Grade III SFU Grade III, IV Vesicoureteral Multicystic 
1 month RBS-NmI or Megaureter Obstructed Reflux Dysplastic 
| | Megaureter | Kidney 
No further f/u 3 months “Well-tempered 6 months RBS DMSA Scan 
RBS renogram” 1 
year VCU 
RBS- ee O 
Renal/bladder Function < 40% Function > 40% Serial exam 
Ultrasound Obstructed curve Indeterminate Or 
VCU-Voiding Curve ; 
Cystourethrogram | $ Elective 
| Surgical repair | Observation nephrectomy 


Reprinted from Kitchens DM, Herndon CD. Curr Urol Rep. 2009; 10 (2): 126-133. 


Review 


2 Radiographic Imaging 


Lane S. Palmer 


Abstract The evaluation of children with urologic complaints or possible congenital 
anomalies cannot go forward without proper imaging. The mainstay of this imaging 
includes ultrasonography, voiding cystourethrography (VCUG), and nuclear scintig- 
raphy. Each modality has its distinct indications and complements each other with 
the goal of defining the normal or anomalous genitourinary tract. Ultrasound allows 
for excellent screening of the kidneys and bladder in children presenting with var- 
ious complaints, primarily urinary tract infections, or for various syndromes that 
affect the urinary tract; moreover, it serves to confirm prenatal ultrasound findings. 
VCUG, while invasive, is the gold standard for determining the presence of vesi- 
coureteral reflux and is helpful in documenting other anomalies such as posterior 
urethral valves, ureteroceles, and diverticulae. Nuclear studies provide helpful infor- 
mation regarding differential function as well as drainage (MAG3) but can also help 
in determining parenchymal integrity (DMSA); i.e., scarring versus pyelonephritis. 
Finally, ultrasound and nuclear studies are vital adjunctive studies to help define 
scrotal pathology, both acute and chronic. 


Keywords Radiology - Pediatric urology - Ultrasound - Children - Congenital 


INTRODUCTION 


The mainstay of imaging the genitourinary tract of children remains the 
ultrasound, voiding cystourethrography (VCUG), and diuretic renography. 
Using these three modalities, the nature of the genitourinary tract remains 
ambiguous in very few children. In the few cases where there remains a 
question regarding the status of the urinary tract, improvements in CT and 
MRI now offer us superior adjunctive studies and may be the definitive 
study. Spiral CT offers considerable benefits for investigating stone disease, 
trauma, and tumor staging. MRI continues to mature as an imaging study 
for complex anomalies but also may have a role in evaluating obstruction 
and infection (/, 2). In this chapter, we will not go into significant depth into 
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the anomalies of the genitor-urinary tract as they will be covered in other 
chapters but we will rather review the imaging findings associated with these 
anomalies. 


IMAGING MODALITIES 


Ultrasound: Ultrasound is the most commonly performed study of the 
urinary tract. It is a quick study to perform, provides very good anatomic 
detail, and is non-invasive without the use of ionizing radiation. There are 
several indications for performing ultrasound in children (Tables 2.1 and 
2.2), including detecting anatomic abnormalities that may explain the etiol- 
ogy of urinary tract infections (3), and the primary study of the acute scrotum 
in many institutions (4). It is routinely performed prenatally as a screening 
tool for congenital anomalies. 

The evaluation of the urinary tract in children should routinely include 
the kidneys (Fig. 2.1) and the bladder. The images of the kidneys should be 


Table 2.1 
Indications for performing renal and bladder ultrasound in children 


Urinary tract infection — febrile 
Urinary tract infection — recurrent non-febrile 
Voiding dysfunction 
Prenatal renal abnormality 
Renal colic 
Palpable abdominal mass 
Single umbilical artery 
Hypertension 
Hematuria 
Proteinuria 
Family history polycystic kidney disease 
Hemihypertrophy 
Azotemia 
Urinary retention 
Syndrome associated with renal involvement (e.g., Tuberous sclerosis, CHARGE, 
VACTERL, WAGR, Beckwith-Wiedeman, etc.) 
Surveillance of 
Vesicoureteral reflux 
Nephrolithiasis 
Hydronephrosis 
Cystic renal disease 
Neurogenic bladder dysfunction (e.g., myelodysplasia) 
Obstructive uropathy (e.g., posterior urethral valves) 
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Table 2.2 
Indications for performing 
scrotal ultrasound 

in children 


Palpable intrascrotal mass 
Acute scrotal pain 

Acute scrotal swelling 
Chronic scrotal pain 
Chronic scrotal swelling 
Varicocele 

Testicular asymmetry 


Fig. 2.1. Normal renal sonogram demonstrating reniform shape, parallel orientation to 
psoas major, central echogenic focus (correlates with pelvis, sinus fat, vasculature), sur- 
rounded by homogeneous parenchyma. 


taken in both longitudinal and transverse views assessing renal length (com- 
pared against nomograms) (5), grade of hydronephrosis (using the Society 
for Fetal Urology grading system) (6), presence of any renal scarring, and 
the presence of duplication anomalies, cystic renal disease, and dilation of 
the proximal ureter. Bladder ultrasound should evaluate bladder volume and 
post-void residuals. It should also evaluate for such anomalies as ureteroce- 
les, bladder masses, dilated distal ureters, or other pelvic abnormalities. 
Scrotal ultrasound should include Doppler. In a child with scrotal pain, 
the study is limited by the fact that it is user-dependent and requires probe 
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placement over the painful area; however, it avoids radiation and is readily 
available. The study should be performed in the longitudinal and transverse 
plains to assess testicular symmetry and architecture. It will also evaluate 
the scrotum for extratesticular pathology. 

Contrast VCUG: Contrast VCUG remains the preferred imaging study of 
the pediatric bladder. In most cases the VCUG (Fig. 2.2) provides excel- 
lent anatomic information as well as functional information on the bladder 
and urethra. The study starts with a plain film prior to catheterization that 
may detect sacral or bony abnormalities, spinal dysraphism, and abnormal 
bowel gas patterns and constipation. Following catheterization, contrast is 
instilled and an early anteroposterior film should be performed to assess for 
a ureterocele or bladder tumor. To evaluate for vesicoureteral reflux, steep 
oblique views of the bladder and renal fossae are taken just before and dur- 
ing voiding. Post-void images of the bladder will assess bladder emptying 
and urethral anomalies. The urethral catheter need not be removed during 
voiding (7). 


Fig. 2.2. Normal VCUG in a boy with smooth bladder, absence of reflux, normal 
urethra. 


Nuclear Imaging 


Kidney: There are two types of nuclear imaging of the kidney. Static 
renal scans assess abnormalities of the cortex such as infection and scar- 
ring using °°" Tc-dimercaptosuccinyl acid (DMSA). Diuretic renography 
involves intravenous injection of a radiotracer that is reabsorbed by the 
tubules (MAG3 or DTPA), timely injection of a diuretic (furosemide, 


Chapter 2 / Radiographic Imaging 17 


1 mg/kg), and bladder catheterization. Hydratation before the administration 
of the radiotracer prevents artificially poor tracer uptake. The split renal 
function is measured in the first 2 min. MAG3 produces less background 
activity than DTPA and therefore is currently favored. Furosemide is typi- 
cally administered at the peak of tracer uptake or at 20 min post-injection 
of tracer. The time needed for drainage of 50% of the tracer (t) correlates 
with the obstructive state of the kidney. Standardization of this study has 
been proposed to best avoid many of the confounders of accurate interpreta- 
tion (8). 

Bladder: Radionuclide cystography provides limited information regard- 
ing bladder anatomy or function. Catheterization of the bladder is required 
and the tracer is instilled. Reflux can only be graded as mild, moderate, and 
severe. The utility of radionuclide cystography is limited relative to the con- 
trast VCUG. 

Scrotum: The blood flow to the testicles can be assessed by injecting 
99mTc-pertechnetate intravenously and the testes evaluated in an immediate 
and delayed fashion. 


ANOMALIES OF THE KIDNEY 


Unilateral Renal Agenesis 


The absence of a kidney is often suspected on prenatal sonogram, dur- 
ing evaluation of the urinary tract after infection, or incidentally during 
evaluation of other organ systems for non-urologic complaints. On plain 
film, loops of bowel will occupy the renal fossa. On ultrasound, the renal 
fossa will be empty and the adrenal gland in the normal position. The 
absence of functioning renal tissue in the abdomen or pelvis on DMSA, 
MR, or CT confirms the diagnosis. VCUG, either contrast or radionuclide, 
should be performed as vesicoureteral reflux is commonly seen in these 
cases (9). 


Renal Ectopia 


Kidneys develop in the bony pelvis and ascend during embryogenesis to 
their typical location in the flank. However, kidneys may be found in the 
pelvis (rarely the chest) or crossed to the contralateral side either fused or 
unfused. Ectopic kidneys can be detected on ultrasound (Fig. 2.3), IVU, CT, 
or MR. The horseshoe kidney, the most common fusion anomaly (Fig. 2.4), 
can be suspected when both kidneys are malrotated and caudally positioned 
on ultrasound, CT, or MR. Horseshoe kidneys are at risk for UPJ obstruc- 
tion. The isthmus that separates the two kidneys may demonstrate func- 
tion on nuclear scintigraphy (DMSA or MAG3). Ultrasound should be per- 
formed regularly to screen for Wilms’ tumor and followed by CT or MR if 
suspected. 
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Fig. 2.4. Horseshoe kidney found in the pelvis with fusion of the lower poles. 


Renal Cystic Diseases 


Autosomal recessive polycystic kidney disease (ARPCD) — ultrasound is 
well suited to make the diagnosis of ARPCD. Both kidneys are reniform 
in shape but very large and hyperechoic. The ectatic dilated tubules create 
numerous interfaces that is responsible for the increased echogenicity. 

Autosomal dominant polycystic kidney disease (ADPCK) — on ultra- 
sound, ADPCK will demonstrate bilateral multiple renal cysts of variable 
size. In the early phase, the cysts are fewer in number and the parenchyma 
demonstrates normal corticomedullary differentiation and echogenicity. 
Later, the cysts grow and compress the renal parenchyma. Very large cysts 
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may distort the renal pelvis. MR or CT are best to assess hemorrhage into a 
cyst if there is suspicion on ultrasound. 

Multicystic dysplastic kidney (MCDK) - The ultrasound findings in these 
cases include non-communicating multiple cysts of variable size and a 
paucity of renal parenchyma (Fig. 2.5). It can sometimes be challenging 
to distinguish MCDK from a severely hydronephrotic kidney. In MCDK, 
the largest cyst is not typically in the center and there will be no function on 
nuclear scintigraphy. Ultrasound can be used to follow children with MCDK 
as these cysts often involute and the renal unit contracts or disappears and to 
assess the contralateral kidney where abnormalities can be found in roughly 
40%. VCUG is indicated to evaluate for vesicoureteral reflux into the stump 
of the MCDK or into the contralateral kidney (/0). 
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Fig. 2.5. Multicystic dysplastic kidney demonstrating multiple cystic structures that fail 
to communicate and the absence of normal parenchyma. 


Hydronephrosis 


The most common ultrasound finding in the kidney is hydronephrosis 
(11). Prenatally, the renal pelvis is measured in the anteroposterior dimen- 
sion to assess the risk of a uropathy (12, 13). Postnatally the presence of 
hydronephrosis is assessed using the Society for Fetal Urology Grading Sys- 
tem (Fig. 2.6). By this system, the highest grade of hydronephrosis is asso- 
ciated with significant renal parenchymal thinning. It is important to distin- 
guish hydronephrosis from the normal renal pyramids. Pyramids are small 
and ovoid or round hypoechoic areas that are radially distributed around the 
kidney. 
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Fig. 2.6. Hydronephrosis according to the Society for Fetal Urology grading sys- 
tem: (a) 1-mild pelvic dilation, (b) 2-moderate pelvic dilation, (c) 3-dilation including 
calyces, normal parenchyma; (d) 4-calyceal dilation and parenchymal thinning. 


Hydronephrosis can be primary or secondary. Primary hydronephro- 
sis may obstructive or non-obstructive. Secondary hydronephrosis may 
result from many of the processes described below. The presence of 
hydronephrosis will often indicate a need for VCUG to detect vesicoureteral 
reflux, posterior urethral valves, or other pathology. Diuretic renography 
can be performed to assess for obstruction and to determine the split 
renal function. It is possible that MR may serve this role in the future 


(2, 14). 


Ureteropelvic Junction (UPJ) Obstruction 


As mentioned earlier, hydronephrosis can be noted by several modalities 
such as US, CT, MR, and IVU. The Society of Fetal Urology Grading 
System (6) can be used to describe the extent of dilation. Pelvic dilation 
without extension into the calyces constitutes grades 1 and 2. Extension 
of hydronephrosis into the calyces defines grade 3 while thinning of 
parenchyma defines grade 4. When there is intermittent obstruction and 
flank pain, the grade of hydronephrosis may appear less impressive than 
expected (15). 
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The etiology of the hydronephrosis needs to be defined. VCUG will be 
performed to assess for vesicoureteral reflux. To determine if obstruction 
is present, the diuretic renogram using either MAG3 or DTPA remains the 
gold standard. Standardization of the technique of this study has reduced the 
confounding variables associated with its interpretation and determination 
of split renal function and radiotracer washout following furosemide admin- 
istration. A t value of >20 min and specific drainage curves establishes the 
presence of obstruction (Fig. 2.7). 


UPTAKE RESULTS 


CLEARANCE RESULTS 


Fig. 2.7. Diuretic renogram with MAG3 demonstrating flat drainage after furosemide 
administration. 


The etiology of obstruction differs in young children and older children. 
The younger children tend to be obstructed by an intrinsic narrowing of 
the ureter at the ureteropelvic junction. Older children and adults are often 
obstructed by vessels crossing anteriorly to the lower pole of the kidney 
causing impingement. Retrograde pyelography can establish the diagnosis 
as a linear filling defect. CT (/6) with contrast or by MR may identify the 
vessels and their course. 


Collecting System Duplication 


Duplication of the renal collecting system is common and may be incom- 
plete or complete (/7). Most cases are inconsequential while others are 
associated with clinically significant anomalies such as ureterocele, ectopic 
ureters, ureteropelvic junction obstruction, or reflux. Duplications may be 
detected on prenatal ultrasound or postnatally following a clinical event. 
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Renal and bladder ultrasound can help detail the nature of the duplication. 
The kidney may reveal two central echogenic foci separated by a bar of renal 
parenchyma. The renal parenchyma may have normal echotexture or it may 
be hyperechoic due to dysplasia from reflux or obstruction. Hydronephrosis 
may or may not be present in either of the two collecting systems (Fig. 2.8). 
The bladder is normal in thickness, distension, and contour. The ureters may 
not be visible or may be visible proximally and/or distally. 
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Fig. 2.8. Ultrasound of duplicated collecting system with hydronephrosis of the upper 
pole moiety. 


The VCUG and diuretic renogram may be needed to provide additional 
diagnostic information. The lower pole system is more likely to be associ- 
ated with vesicoureteral reflux (Fig. 2.9) that should be graded according 
to the International Grading System (/8) as well as ureteropelvic junction 
obstruction. Obstruction at the level of the bladder from ureteral ectopia 
or ureterocele is more common in the upper pole system. The “drooping 
lily” is a classic finding on IVU, reflecting an obstructed upper pole dupli- 
cation producing the downward and lateral displacement of the lower pole. 
VCUG should be performed using a non-ballooned catheter; dilute contrast 
and images during the early filling phase should detect a ureterocele or the 
location of an ectopic ureteral orifice and any associated reflux. Obstruction 
will be determined by the t! and washout curve of a diuretic renogram. 


Stones 


The presence of renal or ureteral calculi is best seen on non-contrast CT 
or by ultrasound. Ultrasound is less useful in detecting small stones. Larger 
ones will appear as echogenic foci with posterior shadowing, which helps 


Chapter 2 / Radiographic Imaging 23 


Fig. 2.9. VCUG demonstrates vesicoureteral reflux into the lower pole collecting sys- 
tem without contrast in the upper pole. 


to distinguish the stone from fat or blood vessels. Hydronephrosis behind 
the stone can often be seen. Non-contrast thin slice (3—5 mm) CT is the best 
imaging study to define the presence of stones (/9). In addition, CT will 
accurately define stone location, size, number, and associated hydronephro- 
sis. The speed of spiral CT precludes the need for sedation in most children. 
CT is also superior to ultrasound in documenting bladder stones especially 
in augmented bladders. 


Pyelonephritis 


Signs of renal inflammation can be detected on renal scintigraphy, 
MR, CT, and ultrasound. Static renal scintigraphy using ?°™Tc- 
dimercaptosuccinyl acid (DMSA) can detect cortical abnormalities such as 
infection and scarring. Images are acquired every 2—4 h in the anterior, pos- 
terior and oblique views (Fig. 2.10). The study needs to be repeated about 


Fig. 2.10. DMSA scan of child with clinical pyelonephritis demonstrating poor uptake 
of tracer in the upper pole of the left kidney. 
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4 months later to differentiate cortical scarring from acute infection. MR 
may play a larger role in the future in making this distinction (/). On CT, 
there may be wedge-shaped segments of low attenuation radiating toward 
the surface from the collecting system, variable hydronephrosis, enlarged 
size, and delay in uptake of contrast. Similarly, ultrasound findings include 
enlarged size and heterogeneous echotexture from edema and pelvic dila- 
tion; these should resolve after treatment. 


ANOMALIES OF THE URETERS 


Megaureter 


Megaureter is a wide ureter larger than 7 mm in diameter. The causes can 
be divided into refluxing, obstructive and non-refluxing, non-obstructive, or 
primary megaureter that corresponds to their radiographic findings. After 
ultrasound identifies the dilated ureter (Fig. 2.11), contrast VCUG will 
identify primary high-grade vesicoureteral reflux or secondary to posterior 
urethral valves, ureterocele, or neurogenic bladder dysfunction. When reflux 
is absent, obstruction will be evaluated by diuretic renogram (t > 20 min. 
In equivocal cases, IVU or MRU (20) or CT may offer greater anatomical 
detail revealing a congenital stricture, ureteral valve, or the location of an 
ectopic ureteral orifice. 
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Fig. 2.11. Ultrasound of the bladder demonstrating elongated hypoechoic structure pos- 
teriorly consistent with dilated ureter. 
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Ureterocele 


Proper imaging of the child with a ureterocele requires renal and blad- 
der ultrasound, VCUG, and diuretic renography. This is true because 
ureteroceles may be associated with reflux, obstruction, and either single 
or duplicated collecting systems. Ultrasound (Fig. ) is the most effec- 
tive modality for identifying the presence of the ureterocele as a round thin- 
walled cystic structure at the base of the bladder; the size of the ureterocele 
is variable as is the amount of hydroureteronephrosis (2/). The contralateral 
ureter may also be dilated if the ureterocele impinges on the contralateral 
orifice retarding urine passage or weakening the integrity of the antireflux 
mechanism, or obstructs the bladder outlet raising bladder pressures. 

VCUG (Fig. ) should be performed to better assess the ureterocele 
and its effect. Ureteroceles appears as filling defects, of variable size, within 
the bladder. The use of dilute contrast and early imaging are necessary to 
avoid obscuring the ureterocele with dense contrast or effacing the uretero- 
cele by an over-distended bladder. The everting ureterocele is the one that 
appears to be outside of the bladder and may be misdiagnosed as a blad- 
der diverticulum (22). Vesicoureteral reflux may be present in any ureter 
but is most likely to affect the ipsilateral lower pole system. Postoperative 
VCUG is important particularly following cystoscopic puncture where iatro- 
genic creation of reflux is the most common complication. Diuretic renog- 
raphy will determine the split renal function and the drainage patterns of 
all renal moieties. Each moiety should be considered a distinct region of 
interest. 


BLADDER TR 


Fig. 2.12. Small bilateral ureteroceles seen on ultrasound along floor of the bladder. 
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Fig. 2.13. VCUG demonstrating moderate sized filling defect on the right side of the 
bladder consistent with a ureterocele. 


Although performing an IVU is not commonplace today, two classic find- 
ings of ureteroceles are worthy of mention. The “cobra head” or “spring 
onion” findings reflect the radiolucent ureterocele wall surrounding the 
contrast-filled ureterocele. The “drooping lily” represents downward and 
lateral lower pole displacement by the hydronephrotic obstructed poorly 
functioning upper pole system. 


ANOMALIES OF THE BLADDER 


Vesicoureteral Reflux 


Vesicoureteral reflux is diagnosed most commonly after hydronephrosis 
is detected prenatally or during the work up of a urinary tract infection. 
Ultrasound may demonstrate normal kidneys and ureters or various degrees 
of hydronephrosis or hydroureteronephrosis. The degree of hydronephrosis 
does not necessarily correlate with the grade of vesicoureteral reflux (23). 
The single or duplicated nature of the collecting system will also be assessed. 
The presence of cortical scarring associated with reflux and urinary tract 
infections is not well detected by ultrasound. If scarring is extensive, there 
may be an irregular renal contour, loss of corticomedullary differentiation, 
or a contracted kidney may be seen. DMSA and MR are superior studies 
to detect the presence of the scars and dysplasia. Ultrasound of the bladder 
likely shows a smooth walled bladder unless the child has posterior urethral 
valves or myelodysplasia where the bladders are considerably thickened. 
Dilated distal ureters may also be seen. 
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Fig. 2.14. Grades of vesicoureteral reflux according to the grading system of the Inter- 
national Reflux Study. (a) Grade 1 ureter only (b), Grade 2 into undilated pelvis (c), 
Grade 3 into mildly dilated pelvis, (d) Grade 4 into dilated calyces, and (e) Grade 5 into 
very dilated pelvis and blunting of all calyces. 


Reflux should be graded after contrast VCUG (Fig. ). Cyclical VCUG 
where the bladder is repeatedly filled and emptied may increase the sensitiv- 
ity of the study to detect reflux. Grading is based on the International Reflux 
Study Grading System (I-V). Assessing the degree of ureteral dilation helps 
to plan for the need for ureteral tapering. The VCUG also evaluates the blad- 
der for trabeculations, diverticulae, ureteroceles, and the urethral obstructive 
anomalies such as posterior urethral valves. Radionuclide VCUG (Fig. ) 
is appropriate for use when the presence or absence of reflux is the only 
consideration, e.g., postoperatively, in follow-up of children on prophylactic 
antibiotics, and in screening of siblings without urologic complaints. The 
grading of reflux after radionuclide VCUG is less specific, i.e., mild, mod- 
erate, and severe. 


Neurogenic Bladder 


The neurogenic bladder is imaged by VCUG and ultrasound. The plain 
film taken at the beginning of a VCUG may demonstrate the spinal abnor- 
mality responsible for the neurogenic bladder. The infusion of contrast will 
fill the trabeculations, sacculations, and diverticulae. The “Christmas Tree” 
bladder (Fig. ) from severe bladder hypertonicity is characterized by 
a vertical orientation and multiple diverticulae. Any associated reflux will 
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Fig. 2.15. Radionuclide cystogram demonstrates tracer only the bladder. 


Fig. 2.16. VCUG from child with neurogenic bladder demonstrating elongation, diver- 
ticulae, and cellules — “Christmas Tree bladder.” 
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be detected. An ultrasound will demonstrate bladder wall thickening, asso- 
ciated hydronephrosis or hydroureteronephrosis from reflux, or elevated 
bladder pressure. The ability of the bladder to empty can be assessed by 
identifying the extent of post-void residual. 


Bladder Diverticulum 


Bladder diverticulae occur in various settings and are best assessed by 
VCUG (24). Congenital out-pouching occurs posteriorly and are variable 
in size but may become larger than the bladder (Fig. ). Paraureteral 
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Fig. 2.18. Post-void image from a VCUG demonstrating bilateral Hutch, paraureteral 
bladder diverticulum in child with vesicoureteral. 
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(Hutch) diverticulae are also congenital and variable in size but may lead to 
reflux or prevent its spontaneous resolution (Fig. 2.18). As mentioned above, 
bladder outlet obstruction or neurogenic dysfunction may lead to multiple 
diverticulae reflecting high bladder pressures. Ultrasound may demonstrate 
bladder wall thickening but can miss identifying diverticulae unless they are 
substantially larger. There will be a hypoechoic area in the pelvis that may 
demonstrate its communication with the bladder. It may be difficult to dis- 
tinguish very large diverticulae from the bladder itself. In the case of large 
diverticulae, anatomical considerations can be made as well as an assess- 
ment of the emptying of the diverticulum (Fig. 2.16). 


ANOMALIES OF THE URETHRA 
Posterior Urethral Valves (PUV) 


Posterior urethral valves can lead to variable detriment to both the 
lower and upper urinary tracts. The point along the spectrum can be well- 
defined using the combination of renal and bladder ultrasound, VCUG, 
and nuclear scintigraphy. On ultrasound, hydronephrosis of all grades or 
hydroureteronephrosis may be seen. In the presence of severe renal damage, 
ultrasound may reveal parenchyma that is hypoechoic and sustained thinning 
as well as loss of corticomedullary differentiation, or cystic changes. The 
ureters will demonstrate variable amount of hydroureter. Bladder wall thick- 
ening from detrusor hypertrophy is commonly seen. On prenatal ultrasound, 
oligohydramnios can be seen in addition to hydronephrosis, normal to hyper- 
echoic renal echotexture, hydroureter, thick walled bladder, and a dilated 
prostatic urethra (25). 

While posterior urethral valves may be suspected on ultrasound, the diag- 
nosis is made by contrast VCUG (Fig. 2.19). The more common findings in 
the bladder and urethra includes trabeculations and saccules or diverticulae, 
a narrow bladder neck due to bladder neck muscular hypertrophy, a dilated 
and elongated posterior urethra, and an abrupt change in caliber at the exter- 
nal sphincter. Vesicoureteral reflux of any grade with possibly exaggerated 
dilation and tortuosity of the ureters may be present. 

The role of diuretic renography is to provide information regarding differ- 
ential renal function and urinary drainage. Of these bladders are associated 
with high bladder pressures and reflux that would cause considerable arti- 
fact such as retarded drainage; therefore, the insertion of a urethral catheter 
is crucial for this study. 

When there are urine collections outside of the kidney secondary to for- 
niceal rupture, ultrasound or CT are excellent imaging studies. 


Other Urethral Anomalies 


Anterior urethral valve: Anterior urethral valves are not common but can 
cause obstruction of the urinary tract. In contrast to posterior urethral valves 
that are limited to the area of the prostatomembranous portion of the urethra, 
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Fig. 2.19. VCUG in a neonate demonstrating irregular shaped bladder with dilated pos- 
terior urethra and sudden change in caliber at the location of the valve and vesicoureteral 
reflux into dilated ureters. 


anterior urethral valves may be found in the penoscrotal, bulbar, or penile 
portion (anterior urethra). To best define the location and extent of obstruc- 
tion and associated reflux, a VCUG is best performed. The anterior ure- 
thral valve typically appears as a linear filling defect ventrally with urethral 
dilation proximally and a narrowing distally or as an abrupt change in cal- 
iber. At times, the valve will appear as urethral dilation into a smooth bulge 
within the urethra. Ultrasound can be normal or demonstrate considerable 
hydroureteronephrosis depending on the obstructive nature of the valve. 

Megalourethra: This uncommon anomaly may be divided into scaphoid 
or fusiform types. The scaphoid variant is more common and is due to defi- 
ciency of the corpora spongiosum. On VCUG, it appears as boat-like ure- 
thral dilation. The less common fusiform variant is due to deficiency of cor- 
pora cavernosum and it appears as a long floppy dilated urethra on VCUG. 

Prostatic utricle: The utricle is a midline out-pouching arising in the area 
of the verumontanum and represent Mullerian system remnants. Infection 
may arise in either the urine or in the genital duct system. This will lead to 
imaging and detection of the utricle on VCUG. These are typically small but 
can be large and can be better defined using CT or MR. 


ANOMALIES OF THE TESTIS 


Acute Testicular Pain 


The general urologist is well acquainted with the most common causes 
of acute testicular or scrotal pain: testicular torsion, appendage torsion, and 
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epididymal inflammation. The mainstay of imaging children with pain in the 
scrotum is ultrasound with Doppler and nuclear scintigraphy. 

Ultrasound (Fig. ) is best at defining the combination of symmetry, 
architecture, and perfusion of the testicles. The technique was described 
early in this chapter. The study should start on the non-painful testis and 
then used to compare with the symptomatic side. The sonographic fea- 
tures of testicular torsion includes heterogeneity of the parenchyma asso- 
ciated with non-viability (26) (Fig. ), echogenic parenchyma without 
detectable Doppler flow. The inflamed testis may also demonstrate a hetero- 
geneous appearance but there will be ample flow or hyperperfusion of the 
testis and epididymis. Associated reactive hydroceles may be present with 
either diagnosis. 

Nuclear scintigraphy using 99mTc-pertechnetate cannot provide architec- 
tural information but effectively assesses testicular blood flow to both testes 
(Fig. ). Symmetric activity reflects symmetric blood flow and excludes 
testicular torsion except in the case of intermittent torsion. When there is 
increased activity to the symptomatic testis, the diagnosis is likely epi- 
didymitis, orchitis, or inflammation secondary to torsion of an appendage. 
When there is acute testicular torsion, there will be absence of activity when 
compared with the unaffected side. The “donut sign” associated with missed 
torsion reflects a hyperemic rim of flow around a central area without tracer 
uptake. 
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Fig. 2.20. Transverse view of the scrotum showing both testes; the left has absent flow 
to the testis while the right one shows considerable Doppler signals. 
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Fig. 2.21. Ultrasound of the testis that has clinical history of acute pain from presumed 
torsion of 48 h duration. Heterogeneity of the parenchyma is clearly seen and is consis- 
tent with necrosis seen at the time of surgery. 


Fig. 2.22. Nuclear scintigraphy of patient with acute onset of scrotal pain demonstrating 
absence of activity on the right side. The left side shows normal activity. Torsion of the 
testis was discovered at surgery. 
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CONCLUSION 


Any urologist treating children needs to have comfort with the proper 
imaging of the genitourinary tract. This comfort includes ordering the proper 
studies as well as their interpretation. The mainstay of imaging remains 
ultrasound, VCUG, and nuclear scintigraphy. With these three studies, the 
management of most congenital and acquired abnormalities of the genitor- 
urinary tract should be facilitated. While ultrasound is free of ionizing radi- 
ation, the other two studies are not without risk and are invasive in nature. 
However, advances in CT and MR may lead to future paradigm shifts that 
make imaging faster, more detailed, and free of radiation. 
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3 Urinary Tract Infections 


Hans G. Pohl, Sherry Sedberry-Ross, 
and H. Gil Rushton 


Abstract When children present with a urinary tract infection (UTI), the goal is 
early recognition and treatment in an attempt to prevent renal parenchymal dam- 
age and subsequent renal scarring. The risks of these events are greatest during 
infancy. However, a delay in diagnosis and treatment of acute pyelonephritis (APN) 
can result in scarring at any age. In cases of recurrent pyelonephritis, progressive 
damage to the kidney can occur (Jakobsson et al., Arch Dis Child 70:111, 1994; 
Jakobsson et al., Pediatr Nephrol 6:; 328, 1992 ). Renal cortical scarring can result 
in long-term sequelae including uremia, hypertension, in girls, toxemia of pregnancy 
and in severe cases, end-stage renal disease. Since renal scarring is the fourth lead- 
ing cause of renal transplantation in children, the need for early diagnosis, treatment, 
and evaluation of children with UTIs is significant. 


Keywords Urinary tract infections - Acute pyelonephritis - DMSA renal 
scintigraphy - Vesicoureteral reflux - Dysfunctional elimination 


INTRODUCTION 


The goal of current practice is the early detection of urinary tract pathol- 
ogy and prevention of renal infection by medical or surgical means. The 
now arcane concept that vesicoureteral reflux (VUR) predisposes the indi- 
vidual to renal scarring by a “water-hammer” effect has been supplanted 
by recognition of the primary role of urinary infection in the development 
of acquired renal scars and that renal damage associated with severe VUR 
may also be congenital. Prospective studies of children hospitalized with 
pyelonephritis proven by ?”“@Tc-DMSA renal scans have shown that many 
of these children do not have VUR and that renal scarring can occur both 
in the presence and absence of demonstrable VUR (1—4). The risk of scar- 
ring is greatest in infancy, may be increased by a delay in diagnosis and 
treatment, and may be a progressive phenomenon associated with recurrent 
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pyelonephritis (/, 5, 6). Long-term follow-up into adulthood of girls with 
significant renal scarring has demonstrated up to a 10% incidence of ure- 
mia, 13% incidence of hypertension, and a 13% incidence of toxemia of 
pregnancy (7). When one considers that renal scarring is the fourth leading 
cause for renal transplantation in children, the need for prevention becomes 
obvious (8). 


EPIDEMIOLOGY 


Urinary tract infection (UTD is the second most common bacterial infec- 
tion in children, with acute upper respiratory tract infections being more 
common. Occult bacteriuria occurs in all age groups, but declines with 
increasing age, suggesting a maturation process. Uncircumcised infant 
boys are more susceptible to occult bacteriuria than girls. However, the 
male to female predominance in the first year of life is reversed in sub- 
sequent age groups (9). The incidence of occult bacteriuria in children 
aged 5-10 years is between 1 and 1.7%, being most common in girls 
(10, 11). It has been estimated that symptomatic urinary infections will 
affect 1.1% of boys and 3% of girls before the age of 11 years, but actual 
prevalence rates may be as high as 1.6 and 7.8%, respectively (12, 13) 
(Fig. 3.1). Infants with symptomatic urinary infections are at risk for 
recurrent infection (26%), usually in the first 3 months of follow-up. In 
older girls the risk for recurrence following urinary infection is as high as 
40-60% (/4). 

The greater risk of urinary infection in susceptible children persists into 
adulthood. In one study, 60 girls with childhood bacteriuria followed into 
adulthood (9-18 year follow-up) were compared with 38 healthy controls. 
A significantly greater incidence of bacteriuria of pregnancy was found in 
the study group (63.8%) when compared to the controls (26.7%). Interest- 
ingly, the propensity for urinary infection persisted in the children born to 
women with bacteriuria, whereas none of the children born to healthy con- 
trols demonstrated urinary infection (/5). 

The diagnosis of urinary infection in children may be hampered by the 
protean nature of the presentation, especially in infants. However, high fever 
has been noted in half of the infant girls and in two-thirds of the boys with 
symptomatic urinary infections (13). Hoberman et al. reviewed the preva- 
lence of urinary tract infection in febrile infants (temperature >38°C) (/6). 
Urine culture confirmed urinary infection in up to 5.9%. Infants with no 
apparent source of fever on clinical exam were twice as likely to have pos- 
itive urine cultures as those infants with a suspicious exam (7.5% versus 
3.5%, respectively). A significant number of children with febrile urinary 
tract infections are assessed as “well-appearing,” at times resulting in a delay 
in appropriate management (17). 
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Fig. 3.1. Incidence of febrile and non-febrile urinary tract infection in boys and girls. 
Adapted from Winberg et al. Acta Pediatre Scand, 1974. 


ETIOLOGY 


Enterobacteriacea, including Escherichia coli, Klebsiella sp., Proteus sp., 
Pseudomonas sp., and enterococci, are the most common organisms invad- 
ing the urinary tract (>95%). The bacteriological findings in the Goteburg 
study suggest that the environmental conditions in the periurethral region 
and the host defense mechanisms vary with age and sex (12). This study 
identified four characteristic trends in childhood urinary tract infections: 
(1) a high frequency of Proteus infections in older boys (most of whom 
were uncircumcised), and greater variability in infecting organisms in boys 
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than in girls; (2) a greater likelihood of staphylococcal infection in adoles- 
cence, especially in girls; (3) a greater frequency of E. coli urinary infection 
in neonatal boys than in girls of that age; and (4) a decreased frequency of 
Klebsiella urinary infection in older children (/2). Sometimes the strain of 
bacterium is suggestive of underlying urinary pathology, such as the rela- 
tionship of Proteus sp. and struvite stones. 


BACTERIAL VIRULENCE FACTORS 


Endotoxin, capsular antigens, alpha-hemolysin production, aerobactin 
production, and the presence of P-fimbria have all been identified as 
important factors in determining a strain’s ability to propagate infection 
(18, 19). Endotoxin, a lipopolysaccharide present in the bacterium’s cell 
wall, is responsible for initiating the acute inflammatory response common 
to gram-negative infections. This same inflammatory response that erad- 
icates bacteria may also lead to post-pyelonephritic scarring. K-capsular 
antigens enhance bacterial virulence by increasing resistance to phagocy- 
tosis by polymorphonuclear leukocytes. Hemolysin facilitates tissue inva- 
sion by digesting cells surrounding the site of bacterial adherence. Blanco 
et al. identified a greater incidence of in vitro alpha-hemolysin production 
in strains from children with acute pyelonephritis than in children with cys- 
titis or asymptomatic bacteriuria (/9). Despite the more invasive nature of 
hemolysin-producing E. coli, the presence of hemolysin does not necessar- 
ily portend a greater parenchymal inflammatory response, as is the case with 
endotoxin (20). Aerobactin, another recognized virulence factor, helps to 
support bacterial growth by chelating iron in the iron-poor urinary environ- 
ment. Winberg et al.’s hypothesis that environmental and host factors change 
with advancing age is supported by the higher incidence of hemolytic strains 
and lower incidence of aerobactin-positive and P-fimbriated strains in adult 
men with acute pyelonephritis than is commonly seen in children (2/). 

The presence of cell surface adhesion molecules has been extensively 
investigated. Perineal colonization by uropathogenic bacteria has been found 
to precede clinical UTI in women and in children at risk for UTI (21-25). 
Uropathogenic bacteria, especially E. coli, employ appendages to adhere 
to human epithelial cells and thereby promote colonization. Collectively 
known as fimbria, these attachment structures exist as multiple types that 
are capable of recognizing and attaching to receptors located on uroepithe- 
lial cells (bacterial tropism). 

P-fimbria, named for their ability to agglutinate red blood cells of the P-1 
blood group, have been implicated as a virulence factor, which enhances 
colonization of the upper urinary tract. P-fimbria recognize and adhere 
to a specific carbohydrate moiety (alpha-D-galactopyranosyl-(1—4)-beta-D- 
galactopyranoside) located on the surface of uroepithelial cells. The abil- 
ity of these bacteria to attach to urothelium provides a mechanism for 
the bacteria to colonize and ascend into the upper urinary tract even in 
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the absence of VUR. Thus the presence of P-fimbria on the capsule of 
E. coli is thought to be an important etiologic contributor to non-reflux 
pyelonephritis. In an early review of 49 female patients with cystitis or 
acute pyelonephritis, strains associated with pyelonephritis were more likely 
to adhere strongly to normal human urinary tract epithelial cells in cul- 
ture (26). Subsequently, Kallenius et al. compared 35 children with non- 
obstructive acute pyelonephritis to 26 children with cystitis and 36 with 
asymptomatic bacilluria. P-fimbriated E. coli were identified in 91% of the 
children with pyelonephritis as compared to 19% with cystitis and 14% of 
those with asymptomatic bacilluria. The frequency of P-fimbriated E. coli in 
fecal isolates from healthy controls was even lower (7%) (27). However, in 
another study of children with febrile UTIs, no significant association was 
demonstrated between the occurrence of acute pyelonephritic changes on 
DMSA scintigraphy and the presence of specific virulence factors including 
P-fimbria. It was concluded that P-fimbriae were important for the devel- 
opment of systemic febrile infection regardless of the presence of renal 
parenchymal involvement, perhaps by facilitating the delivery of endotoxin 
through the uroepithelial lining of the upper urinary tract (28). 


HOST DEFENSE AND RISK FACTORS 


Perineal Factors 


Hematogenous seeding of the urinary tract, despite the historical percep- 
tion of its significance, is an uncommon source of urinary infection. When 
this is the cause of a renal infection, a cortical abscess rather than classic 
pyelonephritis occurs. Perineal colonization by intestinal flora is the putative 
source of most primary and recurrent urinary infections. In the female, col- 
onization of the introitus occurs by epithelial attachment of bacteria, while 
in the male preputial epithelium serves as a niche (29). An infant’s initial 
exposure to uropathogenic bacteria occurs at the time of birth (30) subject- 
ing infants born to bacilluric mothers to a fourfold greater risk of urinary 
tract infections (3/). Ultimately, the infant’s own intestinal tract may become 
colonized by bacteria with uropathogenic potential (32, 33). 

Further evidence supporting the fact that most UTIs are ascending infec- 
tions which begin with peri-meatal colonization is the increased incidence 
of urinary tract infection in uncircumcised boys compared with circumcised 
boys and girls during the first 6 months of life. This occurs despite the pro- 
tective effect derived from the longer male urethral length (34). Winberg 
et al. first recognized the prevalence of preputial colonization in infant boys 
(12), noting that it persists to the age of 5 years (35). Others subsequently 
noted that greater than 95% of boys at risk for pyelonephritis are uncircum- 
cised (34). Wiswell et al. documented that the risk of pyelonephritis was 
ten times greater in the uncircumcised infant than in boys circumcised at 
birth (36). Rushton and Majd prospectively found that 92% of boys under 
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6 months of age with febrile UTIs were uncircumcised, compared to 49% 
of a control group of boys with febrile URIs. The majority of these uncir- 
cumcised boys with febrile UTIs had DMSA scan proven pyelonephritis yet 
only 15% had VUR (37). 

In girls the short urethra appears to be the most obvious explanation for 
the increased relative incidence of UTIs in girls as compared to boys past the 
first 6-12 months of life. Narrowed urethral caliber, historically blamed as 
the pre-eminent factor influencing susceptibility to lower UTIs in girls, does 
not play a role. It has long been established that the intrinsic urethral luminal 
size is not significantly smaller in those girls who are bacilluric compared 
with those who have never been infected. Other commonly held misconcep- 
tions related to the etiology of UTIs in children are that improper wiping 
techniques and bubble baths predispose to urinary infections. There is no 
documented evidence to support these myths. In fact, the strongest argu- 
ment against improper wiping techniques being a cause of lower UTIs is 
that over 95% of non-toilet trained infants never develop urinary infection 
despite daily exposure to diapers soiled with feces. Although bubble baths 
may occassionally cause dysuria from local meatal or vaginal irritation, there 
is no documented association with bacterial cystitis. 


Lower Urinary Tract Factors 


Elimination disorders frequently complicate the interaction between 
pathogenic organisms and the uroepithelium of children at risk for uri- 
nary tract infections. Children may present with a broad spectrum of symp- 
tom severity with some symptoms elicited only by rigorous history taking. 
Common voiding disorders in children prone to UTI range from the small 
capacity, unstable bladder characterized by frequency, urgency, posturing 
and wetting to the infrequent voider (“lazy bladder syndrome”) charac- 
terized by very infrequent voiding, a large capacity bladder, paradoxical 
incontinence (wet despite a large bladder capacity), and constipation. The 
importance of addressing voiding dysfunction in children with a history of 
urinary tract infection is suggested by data reporting that the incidence of 
UTI and VUR is decreased by successful management of voiding abnormal- 
ities in these children (38-40). Two symptom complexes not associated with 
an increased risk of urinary tract infections are isolated primary nocturnal 
enuresis and the daytime urgency-frequency syndrome. 

Paramount to identifying the dysfunctional voider is a thorough void- 
ing history. Squatting, delayed or infrequent micturition, urgency, constipa- 
tion, and/or encopresis are significant and can be frequently elicited during 
evaluation of the child with urinary tract infection (50-94%) (38, 40-46). 
Hellstrom et al. reported an abnormal voiding history in up to 49% of girls 
presenting between 3 and 5 years of age with their first urinary tract infec- 
tion. Specifically, the presence of daytime urinary symptoms strongly cor- 
related with the risk for subsequent infection (47). In a related study of 
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the same children, Hansson found that a majority of girls with “covert” 
bacilluria had urodynamic evidence of dysfunctional bladders when com- 
pared to controls (48) Wan et al. evaluated the relationship between toilet- 
ing habits and anatomic abnormalities which predispose to infection in 101 
children with UTI (77 girls and 24 boys). Ninety percent of the children 
without structural abnormalities demonstrated dysfunctional elimination as 
a contributing factor to their urinary infections, compared with 40% of those 
patients found to have a structural abnormality, such as VUR (49). Fecal as 
well as urinary elimination is often impaired (50) and treatment of consti- 
pation has been found to correlate with resolution of urinary infection (51). 

A validated questionnaire has been developed in an effort to standardize 
the evaluation of children presenting with UTI and dysfunctional elimination 
as its etiology (52) (Table 3.1). This dysfunctional voiding scoring system 
resembles the International Prostate Symptom Score (I-PSS) in that it is self- 
administered means of quantifying the urinary and fecal symptoms present 
at diagnosis, and thus, provides a means for longitudinal assessment of treat- 
ments (53). Bartkowski and Doubrava (2004) have found the sensitivity of 
this tool lacking when compared against more objective measures of blad- 
der function such as post void residual urine volume, uroflowmetry patterns, 
and EMG tracings (54). Until more robust quantitative tools become avail- 
able, the DVSS provides a concise method by which to consider whether 
behavioral modification should be instituted in order to diminish the risk for 
recurrent UTIs. 


Upper Urinary Tract Factors 


The presence of vesicoureteral reflux, particularly moderate and severe 
grades, significantly enhances the likelihood that infecting organisms will 
access the renal parenchyma. In a prospective study of children with febrile 
UTIs evaluated by DMSA renal scans, children with moderate and severe 
reflux (grade III-V) were twice as likely to demonstrate acute parenchy- 
mal inflammatory damage compared with patients with mild or no VUR 
(3). When VUR is present, 80-90% of patients with febrile UTIs have acute 
abnormalities on DMSA scans, including almost all with grades II or higher 
VUR (55). Vesicoureteral reflux compensates for the lack of specific bac- 
terial virulence factors. In the presence of VUR adherence properties are 
not required for bacteria to gain access to the upper urinary tract. As a 
result, less virulent organisms are more often isolated from patients with 
reflux pyelonephritis (56). Despite the importance of moderate and severe 
reflux, the majority of cases of acute pyelonephritis in children, documented 
by DMSA renal scintigraphy, are not associated with VUR (55). 

As indicated by the association of certain blood group types with an 
increased risk for acute pyelonephritis, heredity may play a role in the 
propensity for developing urinary tract infections. Jantausch et al. found a 
greater frequency of Lewis antigen negative children in patients hospitalized 
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Table 3.1 


Dysfunctional voiding scoring system 


Less than 
Almost half the About half Almost Don’t 
Over the last month never time the time every time know 


1. Ihave had wet 0 1 2 3 N/A 
clothes or wet 
underwear during 
the day 

2. When I wet 0 1 2 3 N/A 
myself, my 
underwear is 
soaked. 

3. I miss having a 0 1 2 3 N/A 
bowel movement 
every day. 

4. Ihave to push for 0 1 2 3 N/A 
my bowel 
movements to 
come out. 

5. I only go to the 0 1 2 3 N/A 
bathroom one or 
two times each day. 

6. Ican hold onto my 0 1 2 3 N/A 
pee by crossing my 
legs, squatting or 
doing the “pee 
dance.” 

7. When I have to 0 1 2 3 N/A 
pee, I cannot wait. 

8. Ihave to push to 0 1 2 3 N/A 
pee. 

9. When I pee it 0 1 2 3 N/A 
hurts. 

10. Parents to answer. No (0) Yes (3) 
Has your child 
experienced 
something stressful 
like the example 
below? ê 
Total? 


aNew baby, new home, new school, school problems, abuse (sexual/physical), home 
problems (divorce/death), special events (birthday), accident/injury, others. 

bDysfunctional elimination more likely if score of > 6 in girls or > 9 in boys. 

This table was published in Farhat et al. (52), 1011-1015. Copyright Elsevier (2000). 
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for acute urinary tract infections when compared to age-matched controls 
(57). Presumably, Lewis blood group negative individuals are at risk because 
they lack the secreted antigens, which competitively inhibit binding by 
pathogenic organisms. Lomberg et al., studying a different phenotypic 
marker, found that more girls with recurrent non-reflux pyelonephritis had 
the P-blood group phenotype when compared with healthy controls. In con- 
trast, in a cohort of girls with recurrent pyelonephritis associated with vesi- 
coureteral reflux, the incidence of attaching bacteria and the prevalence 
of the P-blood group phenotype were not different than in controls. This 
would suggest that, in the absence of reflux, P-blood group antigens facil- 
itate infection by bacteria with specific attachment properties. Conversely, 
the presence of reflux promotes infection with bacteria of lesser pathogenic 
potential (58). 


REFLUX NEPHROPATHY 


During the 1970s, “chronic atrophic pyelonephritis” came to be associ- 
ated with vesicoureteral reflux culminating in acceptance of the term “reflux 
nephropathy” as synonymous with renal scarring. In studies by Scott and 
Stansfield (59) and Smellie (60), between 85 and 100% of kidneys with 
small, scarred kidneys had VUR. “End-stage” kidneys found during neona- 
tal autopsies were invariably associated with severe vesicoureteral reflux. 
Consequently, it was suggested that the pathologic changes attributed to 
reflux might be present in the absence of infection (6/). Indeed some small 
children were found to have scars in the absence of a history of urinary 
tract infection (approximately 13%). Most of these children were infant boys 
with diffuse renal scarring and severe reflux. Unfortunately, the relation- 
ship between vesicoureteral reflux and reflux nephropathy remained clouded 
for some time. Early experimental animal models which associated sterile 
intrarenal reflux of urine with renal scarring attributed this to the “water- 
hammer” effect of VUR on the developing kidney (62). However, to promote 
reflux in these studies, bladder outlet obstruction was created. Ransley and 
Risdon subsequently challenged this theory using the experimental refluxing 
porcine model. In contrast to prior studies, bladder outlet obstruction was not 
created. Renal parenchymal scarring associated with VUR in the absence of 
bladder outlet obstruction occurred only when infection was present. Such 
scarring was typically evident as polar lesions (focal renal scarring) asso- 
ciated with compound calyces. Microscopic evaluation found these calyces 
to be associated with abnormally shaped papilla, presumably with a greater 
propensity for intrarenal reflux. In contrast, scarring associated with reflux of 
sterile urine could only be produced when sustained high pressure was cre- 
ated by obstruction at the bladder neck (63). Clinical correlates to this type 
of sustained high-pressure VUR are few, primarily boys with posterior ure- 
thral valves and children with non-compliant bladders associated with neu- 
ropathic conditions or severe dysfunctional voiding (Hinman’s Syndrome). 
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In contrast, intermittent high voiding pressure is not sufficient to produce 
renal scarring in the absence of infection. Smellie et al. also observed that 
prior urinary tract infection was a requirement for progressive renal scar- 
ring in kidneys subtended by refluxing ureters. They did not find evidence 
of progressive renal scarring in previously normal kidneys that were kept 
infection-free during follow-up (64). From these studies, one can conclude 
that the “water-hammer” effect is not a contributor to renal damage in cases 
of primary VUR. 

Further evidence supporting the primary role that infection plays in the 
etiology of acquired renal scarring comes from clinical studies. Both clini- 
cal and experimental studies have documented acute pyelonephritic damage, 
often associated with the presence of P-fimbriated E. coli, in the absence of 
demonstrable VUR (55). New or progressive scarring is almost always asso- 
ciated with a prior UTI, most often febrile UTI’s (65-67). A clear asso- 
ciation between the number of pyelonephritic attacks and the incidence 
of renal scarring has been reported (66, 68). Renal scarring may be pre- 
vented or diminished in some instances by early antibiotic treatment of acute 
pyelonephritis (69-71). When VUR is present, new renal scarring is pre- 
vented by keeping the patient free of infection with low dose antibiotic pro- 
phylaxis (72-74). Finally, both new and preexistent renal scarring have been 
reported in children who have febrile UTIs, even in the absence of VUR (55). 

However, the fact that scarring can occur in the absence of VUR should 
not discount its importance. The correlation between the severity of VUR 
and renal scarring is well established (13, 64, 72, 73). Furthermore, a recent 
study reported the risk of scarring affecting >25% of the kidney in chil- 
dren following an episode of DMSA proven acute pyelonephritis was 6% 
in children without VUR compared to 14% of those with grade I-II VUR 
and 40% of those with grade I-IV VUR (p=0.0003) (75). This increased 
risk of scarring associated with more severe VUR is directly attributable to 
the increased risk of acute pyelonephritis in these patients. Simply stated, 
recurrent pyelonephritis, not VUR, causes acquired renal scarring. 


Pathogenesis of Post-pyelonephritic Renal Scarring 


Experimental studies have helped to elucidate the chain of events involved 
in post-pyelonephritic renal scarring. Bacterial adherence to uroepithelium 
elicits an inflammatory cascade proportional to the virulence of the infect- 
ing organism. Potent cytokines induce cellular and humoral mediated bacte- 
rial killing and chemotaxis of granulocytes. Granulocyte aggregation within 
capillaries leads to vascular occlusion with resultant renal ischemia (76—78). 
Uninvolved areas of the affected kidneys demonstrate normal blood flow 
when compared with the contralateral normal kidney, as do refluxing kid- 
neys which do not demonstrate evidence of acute pyelonephritis (79). 

Further ischemia-related alteration to renal tubular epithelium results 
from the release of superoxide produced, in part, during reperfusion of 
ischemic tissue (80). Superoxide generates oxygen radicals, which are toxic, 
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not only to the bacteria but also to the surrounding tubular cells (87). Other 
toxic enzymes are also released from lysosomes into the tubular lumen. 
Renal tubular cell death ensues, thereby propagating the inflammatory reac- 
tion into the renal interstitium where further damage occurs. Ultimately, it is 
the combination of interstitial damage from both toxic metabolites and renal 
ischemia that may lead to renal scarring. 


Congenital Reflux Nephropathy 


Not all renal scarring is acquired. Severe reflux may be associated with 
significant renal dysplasia thought to result from abnormal induction of the 
nephrogenic cord during embryogenesis. In work published with Mackie 
et al. (82) and later Sommer et al. (83), F. Douglas Stephens offered an 
explanation of the relationship between the position of the ectopic ureteral 
orifice and the degree of renal dysplasia, citing impaired induction of the 
metanephric blastema by the ureteral bud as causative. The severity of dys- 
plasia depends upon the degree of ectopia of the ureteral bud ranging from 
small, hypoplastic kidneys with reduced nephron mass to frank dysplasia. 

Several reports have described DMSA scan renal functional abnormalities 
in patients with primary vesicoureteral reflux detected prenatally (84—89). 
The reported incidence of renographic abnormalities in these studies has var- 
ied widely, ranging from 17-60%. Patients with prenatally detected reflux 
have been characterized by a greater severity of reflux (72-100% kidneys 
with > grade III VUR) and a preponderance of males (male:female ratio 2:1- 
5:1). Many of these infants were evaluated by renal scintigraphy prior to any 
episodes of infection, confirming that the functional abnormalities present 
at birth represent a congenital fetal nephropathy rather than an acquired 
abnormality. 

One must be cautious in extrapolating findings in these studies to the 
general population of children with reflux. Infants with reflux detected pre- 
natally represent a select group of patients characterized by male predom- 
inance and a high incidence of severe reflux. Urodynamic evaluation has 
demonstrated hypercontractility with markedly elevated voiding pressures 
in the majority of these boys, which resolved within 1-2 years (90-92). 
Coincident with this, a higher than expected percentage of VUR will resolve 
in this select group of patients. In contrast, children with reflux detected 
postnatally are predominantly female, and most have less severe reflux and 
a history of UTI. It is clear that not all reflux-associated renal abnormali- 
ties are acquired postnatally, and it would appear that both congenital and 
acquired scarring may occur in the same kidney. In severe cases of blad- 
der dysfunction, abnormal bladder dynamics may also adversely affect the 
developing kidney resulting in functional abnormalities. 


Sequelae of Renal Scarring/Dysplasia 


The most serious long-term sequelae of extensive or progressive scarring 
is decreased renal function and hypertension. The risk of hypertension in 
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patients with renal scarring varies, based on length of follow-up and severity 
of scarring. In follow-up studies of children with renal scarring, as many as 
6-13% of children with scarring have developed hypertension (93—96). In 
some cases, it may be associated with progressive renal insufficiency. A long 
term follow-up study of an older cohort of 294 patients (mean age at presen- 
tation 17 months to 3 years) with reflux nephropathy noted that the risk of 
hypertension increased with age and length of follow-up (97). Whereas 8.5% 
of these patients had hypertension at presentation, 38% were hypertensive at 
last follow-up (mean age 34.2 years). Hypertension was significantly more 
common in those with severe bilateral parenchymal scarring. Similarly, in 
another series 13% (11/83) of children with renal scarring were hyperten- 
sive at initial evaluation and another 17% (14/83) developed hypertension 
over the subsequent 4—20 years (98). 


Renal Insufficiency 


Reflux nephropathy also causes chronic renal insufficiency (CRI) (90). It 
is reported in 5-10% of patients with ESRD presenting for dialysis or renal 
transplantation and in an even higher percentage of patients under 16 years 
of age (99-101). In one study, the incidence of renal insufficiency in 30 
adults who were diagnosed with severe renal scarring as children was 10% 
(96). A follow-up study of an older cohort of 294 patients (mean age at 
presentation 17.2 years) with reflux nephropathy found that a 2% incidence 
of renal insufficiency (GFR <40-69 ml/min) at presentation had increased to 
24% at last follow-up (mean age 34.2 years). The more extensive the renal 
scarring, the higher the proportion with renal insufficiency (97). 

Recent data from the ItalKid Project, a prospective population-based reg- 
istry started in 1990 documented an incidence of 12.1 cases per million 
and that renal hypodysplasia associated with primary vesicoureteral reflux 
alone was responsible for 25.8% of all cases (702). The male:female ratio 
of 3.2:1 and the median age of diagnosis of males was 2 months compared 
to a median of 9 months for females. In a separate report they noted that 
the prevalence of males (77.5%), the severity of VUR (grade IV—V) and the 
early age of diagnosis (18% prenatally) seemed to suggest that congenital 
renal damage is the major cause of pediatric chronic renal failure in children 
with VUR (103). 

Patients demonstrating severe scarring from childhood infections also 
retain a greater risk for developing UTIs into adulthood. However, not all 
patients with pyelonephritis in childhood are ill-fated to suffer from hyper- 
tension and renal insufficiency later in life. Studies have demonstrated a lack 
of progression of renal damage in children who are kept infection-free with 
antimicrobial prophylaxis. Longitudinal studies with long-term follow-up 
have also clearly demonstrated a decreasing incidence of repeated infections 
with advancing age. Others have found that despite radiological evidence of 
renal scarring after an initial childhood UTI, renal function might be well 
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preserved into adulthood. Synthesis of these data suggests that the most 
severe damage from infection occurs early in life. Careful monitoring and 
prevention of recurrent pyelonephritis will prevent the outcome of infection- 
related nephropathy in some children. Others, who present with severe con- 
genital nephropathy or after significant scarring has already occurred, will 
suffer progressive complications. The importance of prevention is under- 
scored by the 12% incidence of “reflux nephropathy” in renal transplant 
recipients of all ages (104). 


DIAGNOSIS OF UTI 


Symptoms associated with UTI include irritative complaints (dysuria, fre- 
quency, and urgency), suprapubic pain, fever, and malaise. While fever may 
be the only indicator of a significant urinary tract infection in the non-verbal 
child, the toilet-trained child may suffer from secondary enuresis and/or 
other voiding complaints. However, not all children who present with irri- 
tative voiding symptoms have UTIs. Conversely, many children have bac- 
teriuria in the absence of fever or urinary symptoms. These observations 
underscore the importance of documenting urinary infection in children 
with a urine culture. Although urinalysis is helpful in drawing attention to 
those who might be infected, the presence or absence of pyuria is not suffi- 
ciently reliable for the diagnosis or exclusion of infection. Hoberman et al. 
compared quantitative urine cultures with an “enhanced” urinalysis for the 
detection of pyuria and bacilluria in urine specimens obtained by catheter- 
ization in children presenting with fever. The data obtained demonstrated 
that UTI is best defined by more than 10 leukocytes/mm? on urinalysis com- 
bined with urine cultures yielding more than 50,000 CFU/ml (/05). Dipstick 
determination for the presence of leukocyte esterase and of nitrite yielded 
sensitivities of only 52.9 and 31.4%, respectively, in detecting clinically sig- 
nificant bacilluria (greater than 50,000 CFU/ml). In both this and another 
study of febrile infants, the findings of urinalysis were compared with 
the results of technetium-99m (Tc-99m) dimercaptosuccinic acid (DMSA) 
renal scans. Both studies concluded that acute pyelonephritis in febrile 
infants is almost always associated with the finding of pyuria on urinalysis 
(105, 106). 

In the pre-toilet-trained group, the urine specimen is often initially 
obtained by applying a collection bag. The results are reliable only when 
the specimen is negative. Contamination is directly related to the length of 
time the bag is in place. When confirmation of voided urine or immedi- 
ate treatment is necessary, bladder catheterization or suprapubic aspiration 
should be employed. In girls and boys who can void on command, mid- 
stream specimens are more reliable than bag-collected specimens except 
in obese children, uncircumcised boys, or girls with significant labial 
adhesions. 
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EVALUATION OF UTI 


Recommendations for the imaging of children with UTI vary geographi- 
cally, institutionally, and from one individual to another. However, the ratio- 
nale for early evaluation of the child with UTI is based on a synthesis of 
epidemiologic and clinical data. Epidemiological studies have demonstrated 
a high recurrence rate within 1 year of their first infection in up to 30% 
of girls and 15% of boys (/2). Approximately 1/3 of children with culture 
documented UTIs will have VUR, regardless of symptoms. Clinical param- 
eters have proved unreliable in distinguishing those children with UTIs who 
also have reflux (707). Both experimental studies and clinical observations 
have shown that significant renal scarring can occur after a single UTI (/, 4, 
63, 108). Furthermore, the non-specificity of signs and symptoms that typi- 
cally accompany UTI in infants and toddlers often makes it difficult to deter- 
mine whether an infection actually represents the first episode (/2, /09). In 
recognizing that recommendations vary, the policy at Children’s National 
Medical Center is to perform an evaluation after the first culture- 
documented UTI in all boys and in all girls younger than 5 years of age. 
Furthermore, all girls with febrile or recurrent infections, particularly those 
with dysfunctional voiding, should be evaluated regardless of age. However, 
it should be acknowledged that prospective data, which prove that early eval- 
uation after the first UTI is necessary or effective in preventing or reducing 
renal damage, are scarce. 


Lower Tract Imaging 


The traditional or “bottom up” approach to the evaluation of young chil- 
dren and those with febrile UTIs includes a cystogram to detect the pres- 
ence of VUR, ureteroceles, posterior urethral valves in boys, or bladder wall 
trabeculation in children with a history of neuropathic or non-neuropathic 
voiding dysfunction and a sonogram to evaluate the upper urinary tract. 
This approach is designed to identify all children with VUR, based on the 
caveat that all children with VUR need treatment. Standard contrast voiding 
cystourethrography (VCUG), direct radionuclide cystography (DRC), and 
indirect radionuclide cystography (IRC) are viable options, each with atten- 
dant advantages and disadvantages. A contrast VCUG, with a preliminary 
plain film radiograph, is usually indicated in boys to exclude obstructive 
urethral pathology as well as VUR. Although visualization of the urethra in 
girls is rarely helpful, except in the rare case of a refluxing ectopic ureter, 
many also prefer contrast cystography as part of the initial evaluation in 
girls. Contrast cystography not only detects VUR but also provides more 
anatomical detail (bladder diverticula, duplex collecting systems, ureteroce- 
les) and allows for grading of VUR when present. Some recommend DRC 
as the initial examination in girls and as follow-up examination in boys and 
girls with known VUR and after surgery to correct reflux. As DRC also 
requires catheterization, proponents of its use cite higher sensitivity for the 
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detection of VUR and a lower radiation doses advantages over standard 
VCUG. However, newer tailored digital imaging has significantly reduced 
the amount of radiation exposure from a contrast VCUG (//0). Sonography 
enhanced with echogenic sonicated albumin as the “contrast” agent to detect 
reflux has also been reported for the detection of VUR (///). The major 
advantage of this method is the complete avoidance of radiation. How- 
ever, this technique still requires catheterization and to date has not gained 
widespread acceptance. 

In contrast to direct cystography, IRC is a means of identifying VUR 
without urethral catheterization. It relies on rapid and complete renal clear- 
ance of an intravenously injected radioisotope. Ideally, images are obtained 
when the upper urinary tract is cleared of radioisotope, and the tracer is 
contained in the bladder. The child must therefore be able to voluntarily pro- 
long voiding. An added benefit is the ability to assess upper tract function 
and drainage. Unfortunately, in a clinical study employing either Tc-99m 
diethylenetriaminopenta-acetic acid (DTPA) or Tc-99m mercaptoacetyl- 
triglycine (MAG-3) as the radioisotope, vesicoureteral reflux was missed in 
up to two-thirds of the refluxing ureters, including half of those with VUR 
grade III or higher. In contrast, false positive studies were rare (//2). 

Regardless of the method employed, some have suggested that cystogra- 
phy be delayed 4-6 weeks following the acute infection to avoid demon- 
strating transient mild reflux secondary to inflammatory changes of the 
ureterovesical junction. Others have reported that reflux during infection 
which disappears shortly after treatment is rare (/ /3). However, in a prospec- 
tive study of 27 children presenting with clinical pyelonephritis, 6 of 21 
children with reflux documented on an initial acute phase VCUG did not 
have reflux demonstrated on a “delayed” VCUG performed 4—6 weeks later 
(114). Thus, a delayed cystogram would have missed the diagnosis of reflux 
in 28.5% of these children. Since the significance of reflux is greatest during 
an episode of infection, demonstration of even transient reflux at the time 
of infection is meaningful. Thus, a prolonged waiting period is not neces- 
sary and the cystogram can be performed as soon as the patient is no longer 
symptomatic and when the urine is sterile. Regardless of the timing of the 
cystogram, antibiotic prophylaxis is recommended until that time when the 
cystogram can be safely performed. With improved imaging techniques and 
a better understanding of the pathogenesis of UTIs in children, cystoscopy 
is not routinely indicated in the evaluation of the vast majority of children 
with urinary tract infection and should be abandoned. 


Upper Tract Imaging 


Recommendations for evaluating the upper urinary tract in children pre- 
senting with UTI also vary from institution to institution. The ideal study 
should be painless, safe, cost-effective, and associated with minimal or no 
radiation, and yet should be capable of detecting all clinically significant 
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structural malformations as well as renal scarring. Unfortunately, such an 
all-encompassing study does not exist. 

One approach is to initially screen all patients being evaluated for a 
documented UTI with a renal-bladder sonogram. Sonography is painless, 
non-invasive, simple to perform, radiation-free, and independent of renal 
function. It is critical that appropriate images of the ureters, bladder, and true 
pelvis be obtained routinely to detect the presence of ureteroceles or dilated 
ureters secondary to ureteral ectopia, ureterovesical junction obstruction, or 
severe VUR. In children, sonography has been found to be as sensitive as 
intravenous pyelography for the detection of any significant renal structural 
abnormality, except for uncomplicated duplication anomalies and renal scar- 
ring (715, 116). However, the yield from routine ultrasound evaluation of 
first time UTIs is low. Recent prospective studies of children with first-time 
UTIs have reported that less than 1% have clinically significant obstruc- 
tion, which requires intervention (//7, 118). The decreased incidence may 
be secondary may be secondary to the fact that many of these anomalies are 
now being detected by prenatal sonography prior to the children experienc- 
ing UTI. 

Several recent studies have compared the sensitivity of ultrasound with 
Tc-99m DMSA scans in the detection of both pyelonephritis and renal scar- 
ring in children with UTIs. These have demonstrated that the sensitivity of 
ultrasound in the detection of acute pyelonephritis is one-third that of DMSA 
renal scans (779-121) and at best is only 40% in the detection of renal scar- 
ring (122-124). Despite these limitations, renal and bladder sonography 
with pre and post void imaging alone is probably sufficient as the initial 
evaluation in girls with recurrent cystitis and adolescent girls with their first 
febrile UTI. 

In the absence of reflux, hydronephrosis is best evaluated with diuretic 
renography using Tc-99m MAG-3. The furosemide-enhanced renal scan 
combined with computer analysis yields a quantitative assessment of both 
renal function and drainage of the collecting system. In combination 
with renal/bladder sonography, one can also accurately define the site of 
obstruction. 

Renal cortical scintigraphy using Tc-99m DMSA has become the gold 
standard for imaging of renal cortical defects resulting from pyelonephritis. 
The pathophysiological mechanisms accounting for abnormalities observed 
on DMSA renal scans during acute infection are probably multifactorial. 
Renal handling of DMSA relies on tubular cell function and therefore is 
affected by both renal blood flow and proximal tubular cell function (/25). 
Experimental studies in the refluxing piglet model have documented the 
high accuracy with which DMSA scans can detect areas of reduced renal 
function associated with histologically proven APN (/25, /26). Lesions not 
detected are microscopic foci of inflammation not evident on gross examina- 
tion and are not associated with significant parenchymal damage. DMSA has 
also been shown clearly to have a greater sensitivity and specificity for the 
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detection of renal cortical scarring when compared with intravenous pyel- 
ography, especially in infants and younger children, making this imaging 
modality ideal for following the progression o f renal parenchymal damage 
from the time of the initial insult until irreversible scarring occurs (127—129). 
Renal cortical defects caused by the acute inflammation of pyelonephritis 
appear as areas of diminished uptake of DMSA with preservation of the 
renal contour and volume. In contrast, renal scarring is typically demon- 
strated by focal defects associated with volume loss or contraction of the 
renal cortex (126, 130) (Figs. 3.2 and 3.3). 


Fig. 3.2. Clinical case. (a) Area(s) of photopenia of the renal cortex with preservation 
of the renal border, the hallmark of acute pyelonephritis on nuclear scintigraphy, in a 
child without vesicoureteral reflux. (b) Resolution of the lesion on follow-up DMSA 
renal scan. 


Since its initial clinical use, numerous prospective studies have docu- 
mented the findings of DMSA renal scans in children with acute urinary 
tract infections (55). Parenchymal inflammatory damage, documented by 
DMSA renal scans at the time of infection, has been reported in the major- 
ity of patients (50-80%) who present with acute febrile UTI, involving 
30-47% of individual renal units. Interestingly, VUR has been shown to 
be present in only 32—40% of those children with DMSA scan documented 
acute pyelonephritis. Despite the fact that a majority of patients presenting 
with fever and clinical findings suspicious for pyelonephritis have abnormal- 
ities on DMSA scan, commonly employed clinical and laboratory parame- 
ters (fever, elevated ESR and/or CRP, and leukocytosis) are often unreliable 
for the determination of renal parenchymal inflammation (pyelonephritis) 
(131-134). In a recent prospective study, Bergan et al. compared clinical 
parameters commonly employed for the localization of urinary tract infec- 
tion with scan findings. Elevated C-reactive protein, ESR, and WBC demon- 
strated sensitivities of 14, 33, and 23%, respectively, for the detection of 
renal parenchymal inflammation (135). 
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Fig. 3.3. Clinical case. DMSA renal scan demonstrating APN that corresponds exactly 
to an area consistent with renal scarring on a DMSA renal scan performed 6 months 
later. While lesions consistent with APN demonstrate photopenia with preservation of 
the renal contour, renal scars demonstrate loss of volume that disrupts the normal renal 
contour. 


“Top-Down” Approach to Evaluation of UTI 


Recently, several studies have advocated the concept of a “top-down” 
approach to the evaluation of children with UTIs (/36, ). This selective 
approach focuses on renal status rather than the presence or absence of VUR. 
The goal of this approach is to identify only those children with clinically sig- 
nificant VUR, defined as those at risk for renal scarring or recurrent febrile 
UTIs. It begins with a DMSA scan, reserving evaluation with a VCUG only 
for those who have abnormal DMSA findings or subsequent recurrent UTIs. 
This approach is supported by prior clinical studies that have reported abnor- 
mal DMSA findings in 80-90% of children with VUR and febrile UTIs, 
including almost all with grade III or higher VUR (55) (Fig. 3.4). A recent 
prospective study analyzed this approach in 290 patients (79% with fever 
>38.5°C). DMSA scans performed within 2 weeks of the infection demon- 
strated abnormalities in 51% of patients, including 26/27 (96%) of those 
with grade III or higher VUR. Using this approach, the authors conclude 
that if only those with positive DMSA scans were evaluated with cystogra- 
phy, VCUGs would have been avoided in half of their patients (/38). Not 
only would this reduce the number of children being evaluated with VCUGs, 
but it would also avoid overtreatment of children with clinically insignifi- 
cant VUR. 

Regardless of whether one chooses the “bottom-up” or “top-down” 
approach to the evaluation of UTIs, the use of DMSA in clinical prac- 
tice is best reserved for those circumstances when it will influence clinical 
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Fig. 3.4. Clinical case. DMSA and VCUG demonstrating acute pyelonephritis on the 
same side as Grade 3 VUR with evidence of calyceal clubbing, most likely from renal 
cortical scarring. 


management. It is particularly helpful in ascertaining the diagnosis in 
patients when this is equivocal based on clinical and laboratory findings. 
For example, neonates and young infants with UTI frequently present with 
non-specific clinical and laboratory findings. In children with spina bifida, 
managed by clean intermittent catheterization, chronic bacteriuria is com- 
mon, thus limiting the diagnostic potential of a positive urine culture when 
these patients present with fever. Finally DMSA renal scans can detect scar- 
ring during the initial presentation of children with VUR, information that 
may be important for the longitudinal assessment of children managed non- 
operatively. 


TREATMENT OF UTI 


The obvious goals of UTI treatment are to provide symptomatic relief 
and prevent renal damage. Initial treatment should ideally be based on 
urine cultures, both for documentation and to provide bacterial antibiotic 
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sensitivities. Frequently, therapy is instituted before the results of such cul- 
tures become available. Fortunately, because the common uropathogens are 
susceptible to multiple antibiotics and high urinary levels of these drugs are 
attainable, high cure rates have still been reported. 

Agents that have been used successfully for treatment of acute uncom- 
plicated lower UTIs include sulfonamides, trimethoprim-sulfamethoxazole, 
nitrofurantoin, trimethoprim, and oral cephalosporins. Ampicillin and amox- 
icillin, which are used frequently, are two antibiotics to which bacteria are 
often resistant. Although adjunctive agents have been introduced to circum- 
vent bacterial resistance (sulbactam and clavulonic acid), these add expense 
and are more often associated with adverse reactions. 


Cystitis 

The optimal duration of treatment of lower UTIs is controversial. Several 
studies have advocated short course or even single-dose therapy in children. 
The obvious advantages of limited regimes are reduced cost, increased com- 
pliance, reduced effect on fecal flora, and decreased incidence of side effects. 
In a meta-analysis of the available data on short course therapy in children, 
Khan reported that single-dose therapy achieved an overall cure rate of 89%, 
defined as a negative culture one week after completion of treatment and the 
lack of recurrence with the same organism. However, the response varied 
with the agent used. The highest cure rate was obtained with intramuscu- 
lar aminoglycoside (96%), followed by oral timethoprim-sulfamethoxazole 
(90%) and amoxicillin (75%). Single-dose therapy was most effective in 
children with cystitis and in those with an anatomically normal urinary tract 
(139). Madrigal et al. confirmed the immediate effectiveness of single dose 
therapy, but noted that recurrence rates were higher following therapy in 
the group receiving single-dose treatment (20.5%) as compared with those 
receiving antibiotics for three (5.6%) or seven days (8%) (/40). On the basis 
of the available data it seems reasonable to treat children with an uncompli- 
cated lower urinary tract infection with a relatively short (3—5 day) course 
of oral antibiotic. Subsequently, children under the age of 5 years should 
be maintained on antibiotic prophylaxis until radiologic evaluation has been 
completed (Table 3.2). 


Pyelonephritis 


Children with acute pyelonephritis require that more intensive and pro- 
longed treatment be instituted quickly because of evidence suggesting a 
greater incidence of renal scarring associated with delays in therapy (6). 
Non-toxic children and infants older than two months can be treated as out- 
patients as long as compliance is not an issue. In a prospective randomized 
clinical trial of 306 children 1-24 months old with febrile UTIs, outpa- 
tient treatment with oral 3rd generation cephalosporins was equally effective 
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Table 3.2 


Pediatric dosing of antimicrobials commonly used in the urinary tract 


Dose 
Route (mg/kg/d) Schedule Notes 
Treatment 
Cefazolin IV 25-50* Q6-8h 
Cefepime IV 100 Q12h 
Ceftriaxone IV,IM 50-75 Q24h 
Cefotaxime IV 50-180? Q6h 
Ciprofloxacin IV 18—30* Q8h 
Gentamicin IV Tar Q24h 
Amoxicillin PO 20—40 Qsh 
Ampicillin PO 50-100 Q6h 
Cefdinir PO 7 BID 
Cefprozil PO 15 BID 
Cefixime PO 4-8 BID 
Cephalexin PO 12.5-25 Q6h 
Ciprofloxacin PO 20—40° Q12h 
Trimethoprim- PO 3—6° BID 
Sulfamethoxazole 
Nitrofurantoin PO 5-7 Q6h 
Prophylaxis 
Amoxicillin PO Q HS For neonates, children 
>2 months old should 
receive TMP/SMX or 
nitrofurantoin 
Trimethoprim- PO 2 Q HS Dosing based on 
Sulfamethoxazole trimethoprim 
component 
Nitrofurantoin PO 2 Q HS Liquid formulation may 
cause GI upset, colic, 
vomiting in which 
case Macrodantin 
capsule can be used 
Macrodantin PO 2 Q HS <1 year old, contents of 
Capsule 25 mg Y, capsule added to 
(nitrofurantoin) food 


>l year old, contents of 
1 capsule added to 
food 


“Dose adjustment required with azotemia. 
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when compared with initial treatment with intravenous antibiotics. There 
was no difference in treatment success, duration of fever, or subsequent renal 
scarring on DMSA scans (141). However, it is also reasonable to initiate 
outpatient therapy with one to two days of a long-acting, third-generation 
cephalosporin such as ceftriaxone, administered intramuscularly, followed 
by 10-14 days of an appropriate oral antibiotic. This approach virtually 
assures compliance and adequate antimicrobial coverage until the urine cul- 
ture and sensitivity results are known. 

In contrast, toxic children and infants younger than 2 months of age with 
suspected pyelonephritis should receive immediate intravenous therapy. In 
these patients, combination therapy including ampicillin and an aminogly- 
coside is instituted until the urine culture results are known. Alternatively, 
one of the newer third-generation cephalosporins may be used, but these 
are more expensive and do not provide comprehensive coverage of gram- 
positive organisms, including enterococcus. Initially, fluroquinolones were 
not approved for treatment of childhood UTIs based on concerns regarding 
adverse joint effects. However, ciprofluroquinolone has since been approved 
by the FDA for treatment of complicated UTIs in children. Regardless of 
which antibiotic is chosen, therapy should be continued for 10—14 days, 
although oral therapy based on the culture sensitivity profile can be substi- 
tuted in patients older than 1 month of age 48 hours after becoming afebrile. 


Asymptomatic Bacteriuria 


Treatment of true asymptomatic bacteriuria (ABU) does not appear to be 
necessary if the urinary tract is otherwise normal (742—144). The risk for 
pyelonephritis in infants and young girls with untreated ABU is small, and 
many demonstrate spontaneous resolution (/2, /3). In contrast to infants, 
treatment of school-age girls with ABU is followed by high recurrence rates 
up to 80% (/42). Most are caused by new strains, which carry the risk of 
being both more resistant and virulent (745, 146). In contrast, when left 
untreated, spontaneous changes of strain are uncommon (143). 

Several studies in the 1970s reported that non-treatment of ABU was 
associated with normal growth of kidneys without the development of renal 
scarring provided the urinary tract initially appeared normal radiographi- 
cally (747-150). In a 4-year follow-up by the Cardiff-Oxford Bacteriuria 
Study Group in children 5—12 years of age with covert bacteriuria, new or 
progressive scarring did not occur unless VUR was present (/50). Similarly, 
the presence of ABU in the absence of VUR is not a risk factor for renal 
scarring in children with neuropathic bladders who perform clean intermit- 
tent catheterization (/5/). 

Hansson et al. compared retrospectively treatment versus non-treatment 
of ABU in older girls (median age 8 years) with preexistent scarring (143). 
Many also had mild grade I-II VUR. Overall, in girls who received short 
or long-term antibiotic prophylaxis, 14 patients developed 21 episodes of 
acute pyelonephritis during a total of 140 patient years of observation. In 
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contrast, ABU was left untreated in 29 girls for a total of 74 patient years of 
observation. Only one patient developed acute pyelonephritis. 

Based on this information it is reasonable that true ABU, particularly 
in older girls, be left untreated (752). However, in the presence of VUR, 
the risks of non-treatment of ABU have not been clearly established, par- 
ticularly in infants and young children. It should also be recognized that 
voiding dysfunction is commonly found in girls with “asymptomatic bac- 
teriuria,” including both detrusor instability and infrequent voiding (153). 
This explains in part the marked tendency for recurrent infection after 
treatment of ABU with antibiotics alone. Treatment of the underlying 
voiding dysfunction is key to successful long-term management of these 
patients. 


Antibiotic Prophylaxis 


Antibiotic prophylaxis is recommended in children with vesicoureteral 
reflux (particularly under § years of age) and following three documen- 
tal, symptomatic UTI’s in 6 months, or 4 in a year. In children with febrile 
UTI recurrences, the threshold for starting prophylaxis is lower. Although 
prophylaxis effectively prevents infection, it cannot be expected to reduce 
the recurrence rate of urinary infection after therapy has been discontin- 
ued. Nevertheless, it is helpful to achieve an infection-free interval in those 
children with multiple, recurrent urinary infections, many of whom have 
underlying voiding dysfunction. Attempts to improve voiding dynamics and 
associated constipation are essential to reducing the recurrence rate of UTIs 
in these children. Prior to our current understanding of the association of 
voiding dysfunction and UTIs in children, many of these children were inap- 
propriately managed with urethral dilation and or urethrotomy. These pro- 
cedures do not affect recurrence rates and should be eliminated from current 
practice. 

The customary doses of antibiotics used as prophylaxis are less than ther- 
apeutic doses. The usual practice is to administer one-third to one-half of the 
therapeutic dose of TMP-SMX or furadantin once or twice daily. Requesting 
a twice-daily dosing has a pragmatic advantage. If one dose is missed, the 
child still receives some medication each day. However, in a compliant fam- 
ily, a single night-time dose is usually effective. 

It should be noted that the efficacy and necessity of antibiotic prophy- 
laxis has been recently questioned (/54). Furthermore, there is increas- 
ing concern regarding the contribution of antibiotic prophylaxis to the 
growing emergence of bacterial resistance. Resistance of E. coli iso- 
lates in the United States is elevated, reaching 36.7, 44.6, and 2.4% for 
trimethoprim-sulfamethoxazole, ampicllin, and ciprofloxacin, respectively 
(155). Although small randomized controlled trials have reported that antibi- 
otic prophylaxis can be beneficial in high risk groups (156, 157), there is 
clearly a need for well-designed prospective controlled randomized trials 
focusing on groups with different risk stratifications. 
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RENAL ABSCESS 


In the past the majority of renal abscesses, a rare form of renal infection, 
were not caused by ascending infection. Historically, Staphylococcus aureus 
has been the offending agent as a result of hematogenous seeding from 
a peripheral cutaneous site of origin, or seeding of the contused renal 
parenchyma after blunt abdominal trauma (/58, /59). Diagnosis is often 
delayed in these patients because urine cultures are negative in most. With 
the advent of early recognition and effective therapy, the frequency of 
staphylococcal bacteremia and renal abscesses has decreased. More cases 
of gram-negative infections in the presence of vesicoureteral reflux or other 
anatomic abnormalities of the urinary tract are now being seen (/60). 

Most patients with a renal abscess present with high fever, leukocytosis, 
and an elevated ESR, often accompanied by flank pain. A variety of imag- 
ing techniques have been used to diagnose renal abscesses, including IVP 
and angiography, gallium-67 scintigraphy, sonography, and CT (/6/). The 
classic treatment of renal abscess has been surgical drainage in addition to 
appropriate antibiotic therapy. However, improved antibiotics and diagnos- 
tic techniques, together with the ability to obtain culture by percutaneous 
aspiration or drainage under ultrasonic control, have often obviated the nec- 
cesity for surgical intervention. In seven patients reported by Schiff et al., 
10 days of parenteral antibiotic treatment alone followed by an additional 
2 weeks of appropriate oral therapy was successful (/62). However, in a 
review of the literature performed by Steele et al., 62% (16/26) of the chil- 
dren with renal abscesses ultimately required drainage (/63). Unfortunately, 
no controlled data exist that rigorously compares the resolution rate between 
children treated with antibiotics alone versus those treated with antibiotics 
and drainage. Currently, most cases of renal abscess initially can be man- 
aged without intervention, percutaneous drainage being reserved for persis- 
tent infection. Children who are immunocompromised by virtue of malnu- 
trition or infection with the human immunodeficiency virus are at particu- 
lar risk for developing recurrent renal abscesses and abscesses containing 
unusual organisms (Listeria monocytogenes) (164, 165). In these circum- 
stances, more aggressive early surgical or percutaneous intervention is often 
necessary to eradicate the infection. 


XANTHOGRANULOMATOUS PYELONEPHRITIS 


Xanthogranulomatous pyelonephritis is an atypical form of severe 
chronic renal parenchymal infection characterized by unilateral desctruction 
of parenchyma and accumulation of lipid-laden macrophages (xanthoma 
cells) either surrounding abscess cavities or as discrete yellow nodules. More 
than 50 cases of xanthogranulomatous pyelonephritis have been reported 
in children (166-168). The age of presentation has ranged from infancy 
to 16 years. Most patients present with non-specific symptoms of chronic 
infection, including weight loss, recurrent fever, failure to thrive, pallor, and 
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lethargy, although those with the focal form often appear healthy (/66, 167). 
A palpable abdominal mass is present in approximately one-third of cases. 
Bacterial specimens for culture can be obtained from the urine or renal 
abscess in the majority of cases, with Proteus being the most common organ- 
ism isolated. 

Both diffuse and focal forms of the disease have been reported, with the 
focal form being more common in children than in adults (/67). The patho- 
logic and radiologic differences between focal and diffuse xanthogranulo- 
matous pyeloneprhitis have been described (/67). Radiologic evaluation in 
the diffuse form of the disease often reveals non-function of the entire kid- 
ney. Calcification or stones may be present, although this is less common 
in the focal form of the disease. Characteristic sonographic or CT appear- 
ances of xanthogranulomatous pyelonephritis also have been reported (/69). 
However, these features are non-specific and often mimic neoplasia or other 
forms of chronic inflammatory renal parenchymal disease. Consequently, 
the correct diagnosis is seldom made preoperatively. Nephrectomy is cura- 
tive, although partial nephrectomy may be adequate in focal disease, assum- 
ing that the diagnosis can be established. No incidence of recurrence in the 
contralateral kidney has been reported. 


TREATMENT IN RENAL FAILURE 


The dynamics of antibiotic detoxification and excretion are usually 
deranged in the child with renal failure. Antibacterial doses need to be 
adjusted in such patients to avoid adverse reactions. Certain drugs — those 
that are dependent on renal function for efficacy — are useless in these 
patients. The frequency of administration of those drugs that are effective 
in the face of renal failure — rather than their dosages — should be modified 
based on the degree of renal insufficiency. 


CONCLUSIONS 


Accurate documentation of UTI in children is essential for proper eval- 
uation and management. Urine cultures with multiple organisms or colony 
counts less than 50,000—100,000 should be considered suspect and require 
confirmation, particularly with clean catch specimens. Children with well- 
documented UTIs should be evaluated based on their age and presenting 
symptoms. Infants and young children require imaging, usually with a cys- 
togram and ultrasound of the kidneys and bladder. Alternatively, some cen- 
ters begin with a Tc-99m DMSA scan and use the findings of pyelonephritic 
changes to determine which children require evaluation with a VCUG. Older 
girls with febrile UTIs and boys at any age should also be considered for 
urinary tract imaging. Renal cortical scintigraphy with Tc-99m DMSA has 
emerged as the imaging study of choice for both acute pyelonephritis and 
renal scarring in children with UTIs. 
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Treatment of UTIs in children ideally commences with culture specific 
antimicrobial therapy, although treatment may be started in the sick child 
before culture results are available. Short course treatment (3—5 days) is suf- 
ficient for children with acute uncomplicated lower urinary tract infections. 
Children with acute pyelonephritis require 10-14 days of antibiotics, which 
can be administered on an outpatient basis in older infants and children who 
are not toxic, as long as compliance is reliable. Patients with first-time UTIs 
who require imaging should be maintained on low dose antibiotic prophy- 
laxis until their workup is completed. Treatment of asymptomatic bacteri- 
uria does not appear to be necessary if the urinary tract is otherwise normal. 
Resolution can be anticipated when urinary and bowel habits normalize. 

Long-term antibiotic prophylaxis is indicated for children with fre- 
quent symptomatic recurrences of UTI and for those with known VUR. 
Endoscopic and extravesical reimplantation techniques have reduced the 
morbidity of operative intervention. Diagnosis and treatment of underlying 
voiding dysfunction and constipation is an essential component of the suc- 
cessful management of UTIs in children. 
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Abstract Voiding dysfunction in children is a common problem constituting nearly 
40% of patient visits to a pediatric urologist. Although most of these children present 
with incontinence either daytime, or nocturnal, or both, some present with recurrent 
urinary tract infection, hematuria, and pain. Voiding dysfunction could be an iso- 
lated problem or in other cases form part of a wider neurological disorder. In this 
chapter we discuss non-neurological voiding dysfunction in children. We describe 
the ICCS classification of voiding dysfunction, which forms the backbone for the 
present day work up for these children. The common presenting symptoms, appro- 
priate work up, diagnosis, and management of these children are discussed in detail. 
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INTRODUCTION 


Voiding dysfunction in children is acommon problem constituting nearly 
40% of patient visits to a pediatric urologist. Although most of these chil- 
dren present with incontinence, daytime and/or nocturnal, some present 
with recurrent urinary tract infection, hematuria, and pain. Voiding dysfunc- 
tion could be an isolated problem or in other cases form part of a wider 
neurological disorder. In this chapter we discuss non-neurological voiding 
dysfunction in children. We describe the ICCS classification of voiding dys- 
function which forms the backbone for the present day work up for these 
children. The common presenting symptoms, appropriate work up, diagno- 
sis, and management of these children are discussed in detail. 
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BACKGROUND AND EPIDEMIOLOGY 


Disorders of voiding in children pose considerable challenges for the 
child, the parents, and the physicians caring for them. It is important that a 
thorough history, directed physical examination, proper use of imaging, and 
proper employment of urodynamics studies be combined to best establish 
the etiology of the child’s complaints. This approach should allow urolo- 
gists to apply a management plan targeted at treating the underlying causes. 
In this chapter, we discuss voiding dysfunction, enuresis, and urodynamics 
so that the general urologist can apply the principles listed above to best 
effect a positive outcome on voiding dysfunction in children. 

There has been considerable progress in the area of pediatric voiding dys- 
function. Previously, lower urinary tract dysfunction was interchangeably 
called dysfunctional voiding, overactive bladder, incontinence, and void- 
ing dysfunction among other labels resulting in inconsistency in the lit- 
erature. To mitigate against this confusion and establish consistency, the 
International Children’s Continence Society (ICCS), a multinational and 
multidisciplinary organization, established definitions for various voiding 
symptoms (/). “Voiding Dysfunction” is the recommended term for vari- 
ous functional lower urinary tract symptoms in children without a neuro- 
genic or anatomic abnormality. Voiding dysfunction may constitute up to 
40% of pediatric urology visits (2) as it affects 15% of 6-year-old children 
(3). Incontinence, both daytime and nocturnal, raises important psychosocial 
concerns in school-aged children. High-pressure voiding may cause pain and 
may lead to long-term detriment of kidney function from recurrent urinary 
tract infections and vesicoureteral reflux (4). Hence, it is essential to cor- 
rectly diagnose and treat these patients appropriately. 

Nocturnal enuresis affects 5-7 million (5) American children. Since 
20% of children with nocturnal enuresis also have daytime symptoms, the 
ICCS sought to abrogate confusion in nomenclature. Accordingly, nocturnal 
enuresis may be divided into monosymptomatic (isolated nocturnal enure- 
sis), non-monosymptomatic or complicated (associated with other symp- 
toms like frequency, urgency, and daytime symptoms), primary (never been 
dry at night time), which accounts for 80% of all patients, and secondary 
(previously has been dry at night). 


PATHOPHYSIOLOGY 


There have been several advances in the understanding of the devel- 
opment of bladder control. Classically, voiding in newborn children is a 
reflex phenomenon initiated by the activation of bladder stretch receptors 
upon filling leading to potentially 20 voids per day. However, recent evi- 
dence indicates the influence of some degree of cortical input (6). The 
child then matures by developing sensory appreciation of bladder filling 
and then progressing to motor control with initiation of bladder contraction 
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and eventually to sphincter control and continence. Continence leads to an 
increased bladder capacity and decreased frequency of voiding. 

Daytime continence is achieved first. Brazelton (7) found 26% of children 
achieved daytime continence by 2 years, 85% by 30 months, and 98% by 
3 years. Jansson (8) followed children from birth to 6 years with regular 
visits assessing continence and voiding patterns; the median age of daytime 
continence was 3.5 years and night time continence was 4 years without 
gender differences. At age 5 years, approximately 20% of children will bed- 
wet at least monthly. The incidence decreases to roughly 10% by age 6 years 
and only 1-2% at 15 years. The condition spontaneously resolves at the rate 
of 15% per year after age 6 years. Gender influences the incidence as 90% 
of nightly bed-wetters are male children (9). 


ETIOLOGY OF NOCTURNAL ENURESIS 


The exact cause of nocturnal enuresis is felt to be multifactorial. Some 
of these factors include maturational delay of bladder development, genetic 
factors, endocrine dysfunction, sleep disorders, and psychological issues. 

Genetic factors: A positive family history is noted among 65-85% of 
enuretic children with a positive paternal side being more significant than 
from the maternal side (RR 7.1 vs 5.2) (70). Norgaard reported a 77% risk 
of enuresis to the child born of two enuretic parents compared to 43% when 
one parent had a positive history and 15% when neither parent was enuretic 
(11). Concordance is higher in monozygotic twins compared to dizygotic 
twins (68% vs 36%) (12). An autosomal dominant form with 90% pene- 
trance has been identified in some Danish families in the chromosome 13 
(13). 

Bladder capacity and function: Functional bladder capacity and detrusor 
instability have been controversial causes of nocturnal enuresis. Urodynamic 
(UDS) testing revealed identifiable abnormalities in 15% of enuretic chil- 
dren compared to 90% of children with diurnal enuresis (74). When com- 
pared with non-enuretic children, enuretics have lower voided volumes (15). 
However, recent evidence suggests that enuretic children do not have any 
urodynamic parameters that are consistently different from their continent 
counterparts (76, 17). But the above studies did reveal increased detrusor 
contractions and decreased pelvic floor activity during enuretic episodes. 

Nocturnal Polyuria and ADH: ADH has a natural circadian rhythm with 
night time increases. It has been postulated that enuretic children have a 
decrease in ADH secretion or responsiveness to circulating ADH leading 
to increased urine production and accelerated bladder filling and inconti- 
nence. Some studies demonstrate lower ADH levels in enuretic children 
compared to non-enuretic children (78) while other studies do not (79). Sim- 
ilarly, enuretic and non-enuretic children have been found to have compara- 
ble urinary osmolalities (20). Hence, ADH’s role in nocturnal enuresis is 
controversial. 
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Psychological and sleep disorders: Sleep studies suggest that enuretic 
children are deep sleepers and fail more attempts of arousal compared to 
age-matched controls (27). EEG studies on enuretic children show charac- 
teristic findings that progressively mature to normal as the child matures to 
have a continent bladder function (22). 

Psychological factors, once considered as the primary etiology of primary 
nocturnal enuresis, are now controversial at most. Psychological issues may 
arise as a result of enuresis rather than causing it. Attention deficit hyper- 
activity disorder has been associated with nocturnal enuresis (23) but it is 
unclear whether it is the cause or effect of enuresis. In contrast, secondary 
nocturnal enuresis has been associated with behavioral and psychological 
issues such as parental divorce or sibling rivalry. 


ICCS DEFINITIONS OF VOIDING SYMPTOMS 


To maintain standardization of terminology and facilitate communication, 
the ICCS developed definitions of various voiding dysfunction symptoms 
and categories (/). 


Daytime frequency — Children >5 years are observed to void between 3-7 times 
daily. Increased frequency is defined as >8 voids daily and decreased fre- 
quency as < 3 voids. 

Urgency — Used only in children >5 years or after attainment of bladder control. 
Urgency is defined as a sudden and unexpected experience of an immediate 
need to void. 

Nocturia — Children >5 years awakening to void at night. 

Hesitancy — Children >5 years or any age after achieving bladder control with 
difficulty initiating a void. 

Straining — Relevant in all age groups; defined as external pressure applied on 
the abdominal wall to initiate and maintain voiding. 

Weak stream — Relevant in all age groups; observed ejection of urine with weak 
force. 

Intermittency — When voiding occurs in discrete spurts instead of a continuous 
stream. It is considered physiological up to 3 years if not associated with 
straining. 

Other symptoms — Some other symptoms in children with voiding dysfunction 
include the following: 

— Holding maneuvers like standing tiptoe, forcibly crossing legs, or 
squatting with heel pressed to perineum (Vincent’s curtsy). Relevant in 
children >5 years. 

— Feeling of incomplete emptying. 

— Post-micturition dribble. The involuntary leakage of urine immediately 
after voiding. Relevant in children >5 years. 

— Genital and lower urinary tract pain. Mostly non-specific and difficult to 
localize. 
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ICCS CLASSIFICATION OF INCONTINENCE 


Incontinence, defined as an uncontrollable leakage of urine, is strati- 
fied into two broad categories: continuous and intermittent. Continuous is 
constant urine leakage seen in congenital anomalies like ectopic ureters. 
Intermittent incontinence is seen in functional voiding dysfunction and will 
be discussed in more detail. Discrete amounts of urine leakage can occur 
during the day or during sleep. Daytime incontinence is intermittent incon- 
tinence during daytime. Nocturnal incontinence is synonymous with enure- 
sis or nocturnal enuresis and is defined as intermittent incontinence while 
asleep. ICCS classification goes on to define the underlying abnormalities 
of bladder function resulting in daytime incontinence, which are discussed 
below. 


INCONTINENCE 


Daytime incontinence is defined as a wetting accident once every 2 weeks 
in children more than 5 years. In a population based survey of over 1400 
primary school children, the incidence of daytime incontinence was 19.2% 
and was related to emotional stress, positive paternal family history, or male 
sibling history of daytime incontinence by multivariate analysis (24). The 
incidence is inversely related to age as it is seen in 10% of 5-6 year olds 
decreasing to 4% of 12- to 18-year-old children (25). The following bladder 
functional abnormalities are recognized by the ICCS as related to daytime 
incontinence. 

Overactive bladder/Urge incontinence: Overactive bladder (OAB) is the 
second most common voiding dysfunction in children (26) and is defined as 
abnormal detrusor overactivity in the filling phase of a cystometric evalua- 
tion. Urgency is the subjective hallmark of OAB and helps secure the clini- 
cal diagnosis. Involuntary uncontrolled bladder contractions result in sudden 
urgency with the child performing holding maneuvers like Vincent’s curtsy 
(27) leading to high voiding pressure and post void residuals. A Swedish 
group reported that at 7 years of age 21% of girls and 18% of boys had mod- 
erate to severe urgency (28) and symptoms improved with age; the incidence 
was 6% in girls and 1% in boys at 17 years (29). 

Voiding postponement: Children, particularly those with behavioral or 
psychological comorbidities, were noted to postpone micturition often in 
specific situations using holding maneuvers. This results in decreased fre- 
quency and a constant feeling of urgency due to a full bladder. In time, 
these children learn to restrict fluids as a method of increasing voiding 
intervals. 

Underactive bladder: This term replaces the term “lazy bladder” syn- 
drome. These children, more commonly girls, present with a history of using 
Valsalva maneuvers to void. They have high bladder capacity, decreased 
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detrusor activity with an interrupted urinary stream with high post-void 
residuals. Some believe this to be the end result of chronic voiding post- 
ponement resulting in overstretched detrusor muscle and weak or absent 
contractions. These children are at risk for urinary tract infections due to 
incomplete emptying. 

Dysfunctional voiding: “Dysfunctional voiding” is a unique condition 
under “Voiding dysfunction” and cannot be used interchangeably. It is 
defined as the inability to relax the external sphincter and/or pelvic floor 
muscles during voiding. It is diagnosed by observing uroflow curves in con- 
junction with electromyography of the sphincter. External sphincter activity 
is detected during a flow that is either slow or staccato in nature. These 
children are neurologically normal in contrast to children with detrusor- 
sphincter dyssynergia (DSD) who have neurologic lesions like neural tube 
defects or spinal cord injuries. Dysfunctional voiding is the same phe- 
nomenon as those previously described as having the classic Hinman—Allen 
syndrome. 

These patients present with various complaints. These include fre- 
quency, urgency, straining, and incontinence due to incomplete emptying 
and increased detrusor activity. The high-pressure voiding and elevated post 
void residuals translates to increased frequency of urinary tract infection, 
upper tract damage with resultant renal damage, and bladder decompensa- 
tion (30) 

Vaginal Reflux/Voiding: Incontinence in small-moderate amount seen in 
girls within minutes after normal voiding mostly likely have vaginal reflux. 
Associated with no other symptoms, this is sometimes seen in overweight 
girls who void with legs close together leading to urine reflux into vagina 
and spillage upon standing up. 

Giggle incontinence (GI): Uncontrollable complete voiding sponta- 
neously occurs during or immediately after laughing. The child is otherwise 
asymptomatic and voiding is normal when the child is not laughing. Etiology 
being unknown, some postulate GI to be secondary to detrusor hyperactivity 
and treat with anticholinergics without overwhelming success (3/). Theo- 
ries for central nervous mediation like cataplexy have been proposed and 
have gained support by a report of positive treatment by methylphenidate, a 
central nervous system modulator (32). 

Extraordinary daytime urinary frequency: This term is applied to children 
over 3 years of age with very high daytime voiding frequency -sometimes 
hourly — with low volumes. Nocturnal bladder behavior is normal and incon- 
tinence is uncommon. Corigliano (33) reported on 26 children with this 
symptom complex, normal flow, and negative urinary and found a history of 
recent emotional or psychosocial stress event in majority of these children. 
The condition is self limiting and often treated with reassurance and obser- 
vation though anticholinergic agents may offer symptom relief. The median 
duration of symptoms was 5 months but longer in those with psychosocial 
issues. 
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EVALUATING CHILDREN WITH VOIDING DYSFUNCTION 
AND INCONTINENCE 


History 


A meticulous history is important to define the problem and plan 
effective management strategies. Questions should be age-appropriate and 
asked in a non-leading manner so as to accurately pinpoint the most trou- 
bling complaint from the patient’s perspective. A good voiding history 
includes details of current voiding habits (timing, frequency, urgency noc- 
turia, stream), incontinence and its type, posturing maneuvers (described or 
demonstrated) documented urinary tract infection, fluid intake and types, 
family history of similar problems, and social history (family dynamics, 
school or daycare issues). Questions should be made to address bowel habits 
including frequency, consistency, and encopresis. Other information to be 
elicited includes neurodevelopment, presence of ADD and toilet-training 
history. Current medications should be reviewed. A three-day food, void- 
ing (Fig. 4.1), and defecation diary is useful in objectively quantifying the 
problem. Pain, incontinence of urine or feces, and urgency episode should 
all be documented in the diary. Past medical and surgical history is impor- 
tant regarding diabetes, psychiatric problems, prior urologic surgery, prior 
malignancies, etc. 


BATHROOM DIARY 


Fig. 4.1. Sample of a voiding diary to be filled out by the child and/or family. Careful 
recording allows the urologist to identify voiding patterns and should be coupled to a 
diary recording fluid and food intake. 


Physical Examination 


The goal of physical examination is to rule out any anatomical or neuro- 
logical cause for voiding dysfunction. Toward this goal, physical examina- 
tion should include the following: 


— Neurologic exam — assessment of motor and sensory function of the lower 
extremity, perineal reflexes (anocutaneous reflex, perineal sensation). 
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— Abdomen/Back exam — signs of spinal dysraphism like sacral dimple, hair 
patch or a Mongolian spot as well as the presence of palpable stool, bladder, 
or masses. 

— Genitourinary exam — In boys, it should include presence of foreskin, meatal 
stenosis, and other congenial anomalies of the penis. In girls, it should 
include inspection of introitus for presence of vulvovaginitis or labial adhe- 
sions, constant urinary incontinence, and/or any cloacal abnormalities. 

— Rectal exam (as needed) — to assess constipation and evaluate anal sphincter 
tone. 


Investigation 


Urine analysis and urine culture: It is essential to rule out subclinical 
UTI in children with voiding dysfunction by performing a urine analysis 
and urine culture if needed. Urinary specific gravity and glucose detection 
may detect medical conditions masquerading as urinary frequency. 

Radiological studies: The need for further diagnostic tests is deter- 
mined by history and physical examination findings. Any complicating fac- 
tor noted above like congenital urinary tract anomalies, recurrent UTIs, 
vesicoureteral reflux, neurological anomalies, continuous incontinence, and 
evidence of renal damage (casts and/or proteinuria) are indications for 
radiological examination. The appropriateness of the test depends on the 
pathology that is to be confirmed or refuted. A concise guide is as 
follows: 


1. Ultrasound 
e detect duplex collecting system, ectopic ureter, hydronephrosis, renal scars 
e assess post void residuals — volume > 10% implies incomplete emptying 
e measurement of bladder wall thickness — increased thickness implies 
detrusor overactivity, high-pressure voiding, and bladder outflow 
obstruction 
2. Voiding Cystourethrogram 
e should start with plain film (Fig. 4.2) to assess spine and possible consti- 
pation 
e important in all children with febrile or recurrent UTI to assess reflux, 
bladder emptying, and presence of urethral abnormalities (valves, stricture) 
(Fig. 4.3) 
3. MRI 
e indicated in any child with signs of spinal dysraphism 
e in patients with neurological abnormalities on exam 
e treatment refractory voiding dysfunction 
e may be indicated in patients with impaired bladder sensation 


Patch EMG - uroflow test: Children are asked to hold their urine until they 
feel a strong desire to void and then do so into a collection device that gen- 
erates a flow curve based on the force of impact of urine. The study provides 
information about the flow time, voided volume, and maximum and average 
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Fig. 4.2. Plain film of the abdomen demonstrating large amounts of stool. Evacuation 
of stool and maintenance of steady bowel movements helps avert voiding dysfunction, 
incontinence, and UTIs. 


Fig. 4.3. VCUG in a boy with persistent daytime and nighttime incontinence. The diag- 
nosis of posterior urethral valves is made by the cutoff in the posterior urethra leading 
to dilatation of the posterior urethra and hypertrophied bladder neck. The bladder is 
trabeculated and a small diverticulum is present. 


flow rate. Patch or needle EMG electrodes are placed to correlate sphincter 
activity with flow curves to identify dysfunctional voiding (Fig. 4.4). Post 
void residual measurement is made by ultrasound. 

Urodynamics: Formal urodynamic evaluation is more invasive than a 
patch EMG and uroflow. Accordingly, additional information is gleaned 
that can only be determined by reproducing the entirety of the filling and 
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Fig. 4.4. EMG-Uroflow demonstrating a staccato voiding pattern and absence of the 
external urinary sphincter to relax. 


emptying phases of urination. This additional information includes detrusor 
instability, incontinence, bladder pressure, bladder compliance, sphincter 
activity, and bladder emptying. Urodynamic evaluation is standard in the 
evaluation of bladder function among children with neural tube defects such 
as spina bifida and sacral agenesis as well as children with high imperforate 
anus, other spinal abnormality, or trauma including tethered cord syndrome 
(34). In children with posterior urethral valves, bladder exstrophy, cere- 
bral palsy, severe dysfunctional voiding, or persistent nocturnal and diurnal 
enuresis, urodynamics may be necessary to assess function and modulate 
treatment plans. 

Urodynamics in children is performed as in adults by catheterization of 
the bladder and rectum (Fig. 4.5). In general, a 7-Fr double-lumen urethral 
catheter is used in small children and a 10-Fr catheter in older children. 
The use of improper sized catheters can cause artifact with regards to flow, 
urethral resistance, and sphincter activity, and cause bladder irritation. The 
bladder is filled with warm saline or contrast (37°) at a rate of 10% of 
expected bladder capacity/minute. Bladder capacity is estimated according 
to the formula (age +2) x 30 (35). Bladder capacity estimates are different 
for children with neurogenic bladders (36). The measured parameters and 
their definitions are the same as in adults, i.e., compliance, Pdetrusor, Pbladder: 
Pabdominal, first desire to void, uninhibited contractions, etc. The normal val- 
ues in children are listed in Table 4.1. 
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Fig. 4.5. Urodynamic evaluation requires the hardware items labeled in the photograph. 


Table 4.1 


Normal urodynamic parameters 


Flow Rate (minimum) 
Males: 
4-7 yo = 10 ml/s when voiding 100 cc 
8-13 yo = 12 ml/s when voiding 100 cc 
>14 yo = 21 ml/s when voiding 200 cc 
Females: 
4-7 yo = 10 ml/s when voiding 100 cc 
8-13 yo = 15 ml/s when voiding 100 cc 
>/=14 yo = 18 ml/s when voiding 
200 cc 
Voiding pressure: 
Males: 
55-80 cm H20 
Females: 
30-65 cm H20 


The characteristic urodynamic findings in specific voiding include the 
following: 


e Overactive bladder — Involuntary detrusor contraction, normal sphinter 
activity 

e Dysfunctional voiding — Sphincter activity in voiding phase, some may have 
detrusor hyperactivity as well 

e Underactive bladder — Weak detrusor contractions with large bladder capacity 
and large post void residual 
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The addition of video can be used when visualization of the bladder and 
the outlet is needed. These situations include (1) possible or known blad- 
der outlet obstruction; (2) intractable incontinence; (3) neurogenic blad- 
der; (4) known or possible bladder diverticulum or vesicoureteral reflux; (5) 
unclear diagnosis or conflict between prior studies and clinical assessment. 
The disadvantages include the use of ionizing radiation and the added cost 
(Fig. 4.6). 
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Fig. 4.6. An example of a urodynamic study in an incontinent child. The study is nor- 
mal with low detrusor pressure, absence of abdominal pressure, absence of uninhibited 
contractions, and appropriate bladder contraction at capacity. The only abnormal finding 
is the contracted external sphincter noted through the first half of the bladder contraction. 


Management 


The goal of management in these children should be targeted at the under- 
lying cause(s) of the child’s voiding dysfunction. The causes should be 
determined in most cases after a careful history, examination, and investi- 
gation. The two main avenues of treatment are pharmacotherapy and non- 
pharmacological modalities. Treatment should be titrated for individual 
patients based on their type of voiding dysfunction, complications if present, 
and behavioral issues. 

Patient and parental education is paramount for successful treatment of 
nocturnal enuresis. Children and their families are often confused about 
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enuresis and have a limited understanding of the anatomy and physiology of 
urine production, bladder function, and the nervous system. Parents should 
be educated that enuresis is not due to laziness or intention but rather 
a delayed maturational process between bladder and brain co-ordination. 
Involving the child in the management will preserve self-esteem and is of 
key importance for a successful outcome. A sequentially escalating treat- 
ment starting with non-pharmacological management is the recommended 
treatment. 

Behavior modification: This has remained as one of the main stays of 
treatment of children with voiding dysfunction and encompasses several dif- 
ferent factors. As in adults, avoiding diets laden with possible bladder irri- 
tants like coffee or soda, avoiding excessive fluid intake with voiding diaries 
have been shown to be helpful. Timed voiding (every 2 h) alone improves 
symptoms in one third of children with overactive bladder, urge inconti- 
nence, and dysfunctional voiding (37). A combination treatment of timed 
voiding, modification of fluid intake, positive reinforcement techniques, and 
pelvic floor exercises have been shown to improve 60% of children with 
daytime incontinence after a mean follow up of 4.7 years (38). 

For children with nocturnal enuresis, behavior modification encompasses 
two complementary approaches. The first approach is to assure that the child 
modifies his/her food and toileting habits so as to avoid fluids after din- 
ner, particularly irritants as mentioned above, and void before bedtime. The 
second approach employs a nocturnal wetting alarm to effect classic condi- 
tioning upon the child that is supplemented by positive reinforcement. The 
alarm attaches to the child’s undergarments and is activated (auditory and/or 
vibratory) when there is wetness on the alarm. The alarm aims to awaken 
the child before the bladder is empty; the child then goes to the bathroom 
to finish emptying the bladder. With time, the child responds faster to the 
alarm leaving more urine in the bladder, and ultimately, the child responds 
to the full bladder before the alarm sounds. For the alarm to be effective, 
it typically requires at least 15 weeks of use. It should be used until the 
child achieves four straight weeks of dry nights. Wetting alarms have a high 
cure rate (75%) and comparatively low relapse rate (41%) (39, 40). In chil- 
dren who relapse, a short course of treatment is successful (4/). The disad- 
vantages, household disturbance by loud auditory alarms and its duration, 
accounts for the 10-30% treatment drop-out rates (42). 

Using a positive reinforcement chart or other consistent positive tokens 
representative of a successfully dry night helps to maintain use of the alarm 
and/or compliance with medications. Every night that the child is dry, he/she 
is offered a star marked in a chart in the child’s room. When the child 
accumulates stars, they may be offered bigger incentives. This positive rein- 
forcement requires extensive patient participation by the parents — under- 
standing that in spite of treatment there are going to be wet nights. Studies 
have reported cure rates of 25% with positive reinforcement alone although 
improvements have been reported in up to 70% of patients (9, 39). 
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Biofeedback: Biofeedback relies on creating a conscious realization of 
activity of pelvic floor muscles and training the child to relax these muscles 
during detrusor contraction. By real time monitoring of uroflow and EMG 
activity, children can be taught to identify dysfunctional sphincter/pelvic 
floor muscle contraction. They can also be taught to avoid these contrac- 
tions by actively relaxing these muscles and hence treat dysfunctional void- 
ing. Biofeedback training entails a keen interest and enthusiasm from the 
child and a dedicated, patient specially trained nurse. Biofeedback has been 
shown to be an excellent technique to manage children with dysfunctional 
voiding with a sustained improvement in the long term (43, 44). The addi- 
tion of animation to the EMG activity has proven to expedite the resolution 
of symptoms (45) (Fig. 4.7). In addition, biofeedback has been shown to 
hasten the resolution or at least downgrade vesicoureteral reflux in girls with 
dysfunctional voiding (46). 
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Fig. 4.7. An example of the animated screen available for biofeedback. Child-driven 
EMG activity leads to the vertical movement of the dolphin. The goal is to learn to mod- 
ulate the external sphincter by guiding the dolphin through the hoops. After satisfactory 
control is gained, the child learns to relax the sphincter at will. These techniques are then 
used when the child voids. 


Management of constipation: Constipation has long been associated with 
voiding dysfunction and UTI. In a study of 234 chronically constipated 
encopretic children, comparison of voiding dysfunction and UTI before and 
12 months after effective treatment of constipation showed 100% resolution 
of recurrent UTI, 89% reduction in daytime incontinence, and 63% reduc- 
tion in night time incontinence (47). 

Bowel management should be part of any treatment strategy in children 
with voiding dysfunction. The aim of treatment is (A) to evacuate any exist- 
ing impaction of stool in the colon and (B) to maintain regular painless bowel 
movements with soft stools. The initial evacuation is performed by a com- 
bination of oral laxatives and rectal enemas. Subsequently, regular pain free 
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soft bowel movements are achieved by diet modifications (high fiber food, 
increased water intake), supplemental fiber, and oral laxatives. 

Pharmacotherapy: Bladder modulators through autonomic nervous sys- 
tem form the central theme for pharmacological therapy. This can be used 
alone or in conjunction with the behavioral modalities discussed above. 

Anticholinergics: Anticholinergics can effectively treat urgency and urge 
incontinence in by decreasing detrusor overactivity and increase functional 
bladder capacity. It has been used intravesically in children with neurogenic 
bladders (48). The more commonly used antimuscarinics are oxybutynin and 
tolterodine in either short acting or longer acting formulations. The safety 
profile of tolterodine is thought to be better than oxybuytnin (4 vs 10%) 
because it is more bladder specific (49). The safety and efficacy includ- 
ing long-term efficacy of antimuscarinic agents particularly tolterodine has 
been shown in multiple studies (50, 5/). Combination of anticholinergics 
and behavioral modification has been reported to be more efficacious than 
either treatment alone (52). 

Alpha-adrenergic antagonists: Increased bladder outlet resistance due to 
primary bladder neck dysfunction has been recently recognized in children. 
It is characterized on EMG-Flow studies by delayed bladder neck open- 
ing time and on videourodynamics as incomplete bladder neck funneling, 
elevated PVR, and silent EMG. This condition responds well to alpha- 
adrenergic blockade with improved flow rates, decreased PVR (53, 54), and 
symptom relief (55). 

Desmopressin: A synthetic analogue of ADH, this drug decreases the 
amount of urine made after intake and hence aims to prevent the child 
from reaching functional residual capacity. The oral formulation is widely 
used. Treatment is continued for 3—6 months and then slowly weaned to 
assess treatment result (56). Desmopressin is most effective in children older 
than 9 years and in children with minimum symptoms (57). Twenty-five 
percent of children achieved complete dryness, whereas 10-90% achieved 
significant reduction in number of wet nights. Relapse rates are as high 
as 80-100% (58). Side effects are uncommon but behavioral changes and 
nightmares have been reported (56). 

Tricyclic antidepressants: Although tricyclic antidepressants (TCA) have 
shown to be effective in patients with nocturnal enuresis, evidence is lack- 
ing for its use in daytime voiding dysfunction. TCAs acts centrally by alter- 
ing sleep cycles and possibly by stimulating pituitary secretion of ADH (59) 
and locally with anticholinergic effects resulting in decreased detrusor action 
and a central effect. It acts within 2 h of ingestion and effects last for up to 
8—12 h. Initial treatment response is judged at around 2 weeks and the dose 
adjusted according to the clinical response or tolerance of side effects Treat- 
ment durations should be between 3 and 6 months. Success rates are as high 
as 50%; however, 50% of the responders relapse after stopping treatment 
(39). Side effects include dry mouth, insomnia, arrhythmia, and personality 
changes. 
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Combination therapy for nocturnal enuresis: Combination of behavioral 
therapy with desmopressin has been shown to improve symptoms in patients 
who failed individual treatments and in patients with treatment compliance 
issues (60, 6/). 

Botulinum toxin: Botulinum toxin has been used in children with voiding 
dysfunction. The injection is into the detrusor muscle at the bladder base or 
at the external sphincter. Several studies have demonstrated improvement in 
detrusor overactivity, continence, PVR, and UTI development (62, 63). 


Clean Intermittent Catheterization 


In children with persistent problems, particularly with high residual vol- 
umes leading to recurrent UTI, clean intermittent catheterization may be 
the final resort to assure bladder emptying, decrease UTI, and regain conti- 
nence (64). 


Surgical Management 


Children with extremes of voiding dysfunction with resultant high- 
pressure bladder with outlet obstruction with or without upper tract reflux 
may require bladder augmentation with or without a bladder outflow pro- 
cedure. Augmentation cystoplasty with continent diversion such as a Mitro- 
fanoff procedure might be the final treatment option in children with severe 
dysfunctional voiding. 


CONCLUSIONS 


The general urologist needs to be familiar with pediatric voiding dys- 
function and incontinence. The importance of a thorough history and physi- 
cal examination cannot be over-emphasized. In most cases, these alone will 
divulge the important factors that need to be addressed. In other cases, addi- 
tional testing such as imaging and urodynamic studies will be needed to sup- 
plement the history and physical examination. Treatment strategies should 
address specific etiologic factors. These strategies may as simple as behavior 
modification of fluid intake or may require biofeedback in the dysfunctional 
voider or nocturnal wetting alarm for the enuretic child. Other children, day- 
or night-wetters, may require pharmacotherapy. The impact of effecting a 
cure or significant improvement in voiding dysfunction has an overwhelm- 
ingly positive effect on the children and their families. 
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Abstract The etiology of hematuria in the pediatric population is varied and ranges 
from infections, trauma, medical renal diseases, and urolithiasis, to congenital uro- 
logic conditions and, rarely, malignancies of the urinary tract. More often than 
not, hematuria in children is caused by medical rather than surgical processes. 
Hematuria may be characterized as microscopic or macroscopic (gross) and may 
be present with or without proteinuria. Although microscopic hematuria is much 
more common than macroscopic hematuria, the yield of an extensive work-up for 
isolated microscopic hematuria is low. Children with persistent isolated micro- 
hematuria should be evaluated with a urine Ca/Cr ratio, parental urinalysis, and 
annual renal function tests and blood pressure measurements to ensure that they do 
not develop hypertension or significant proteinuria. Children with gross hematuria 
should undergo a complete evaluation with CBC, serum C3 and C4, BUN, creati- 
nine, potassium, ASO titers, coagulation parameters, and autoantibody titers such 
ANA, pANCA, cANCA, dsDNA, and anti-GBM in the setting of a relevant family 
history. Renal-bladder ultrasound is also recommended, along with renal biopsy 
for glomerulonephropathy. Invasive tests such as cystoscopy should be reserved 
for cases where the preceding work-up is inconclusive. Urologic referral is indi- 
cated when the work-up is suggestive of an anatomic abnormality, tumor, calculus, 
trauma, or recurrent macroscopic hematuria of undetermined origin. In contrast, 
the presence of hematuria in association with hypertension, proteinuria, hypocom- 
plementemia, systemic disease, or a family history of renal disease almost always 
warrants referral to a nephrologist. 
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Renal vein thrombosis - Cystitis - Hydronephrosis - Urinary tract infection - 
Urethrorrhagia 


INTRODUCTION 


Hematuria is one of the most important signs of renal and bladder disease. 
The detection of even microscopic amounts of blood in a child’s urine can 
cause great alarm to the patient, parents, and the physician, and prompt the 
performance of many diagnostic studies. The etiology of hematuria in the 
pediatric population is varied and ranges from infections, trauma, medical 
renal diseases, and urolithiasis, to congenital urologic conditions and, rarely, 
malignancies of the urinary tract. More often than not, hematuria in children 
is caused by medical rather than surgical processes. 

The American Academy of Pediatrics recommends that a screening uri- 
nalysis be obtained in all children during child care visits at 5 years of age, 
and once again during the second decade of life. The evaluation and manage- 
ment of asymptomatic microscopic hematuria detected on routine screening 
is significantly different from that of macroscopic hematuria that develops 
spontaneously, and is also dependent on accompanying symptomatology. 

This chapter discusses the epidemiology and common etiologies of hema- 
turia in children, and illustrates a systematic approach to evaluation and 
management, with an aim to detect significant and treatable problems in this 
population and to avoid unnecessary testing. 


DEFINITION 


Hematuria is defined as the presence of five or more red blood cells 
(RBCs) per high-power field (HPF) on a freshly voided centrifuged urine 
sample. However, even normal children can excrete RBCs in urine in the 
setting of exercise or fever. Most authors, therefore, recommend that at least 
two of three urinalyses show evidence of hematuria over a period of 2-3 
weeks before further evaluation is performed. 

In the clinical setting, the evaluation of hematuria usually begins with 
a urinary “dipstick” test which utilizes a peroxidase-like chemical reaction 
between hemoglobin or myoglobin and the chemical indicator compound 
impregnated on the stick. The sensitivity and specificity of the dipstick 
method for detecting blood in the urine varies. However, when tested on 
urine samples in which a predetermined amount of blood had been added, 
urine dipsticks were found to have a sensitivity of 100% and a specificity of 
99.3%, even when tested on urine 4 h after void (/). False-negative results 
may occur in the presence of formalin, used as a urine preservative, or high 
urinary concentrations of ascorbic acid (2). False-positive results can be seen 
in a child with fever or after exercise, or in the presence of menstrual blood 
or alkaline urine with a pH greater than 9. Additionally, the use of oxidizing 
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agents such as peroxidase to clean the perineum before obtaining a urine 
specimen can also contribute to false-positive results. Microscopic analysis 
of 10-15 mL of freshly centrifuged urine is thus essential to confirm the 
diagnosis of hematuria suggested by a positive dipstick. 

Urine discoloration without the presence of RBCs is seen in several con- 
ditions (Table 5.1). Heme-positive urine without intact red blood cells is 
caused by the presence of free hemoglobin or myoglobin. Hemoglobin- 
uria commonly occurs in the presence of intra-vascular hemolysis. Myo- 
globinuria is the result of rhabdomyolysis syndrome due to skeletal muscle 
injury and is generally associated with a five-fold increase in the plasma con- 
centration of creatinine kinase. Conditions predisposing to rhabdomyolysis 
include viral myositis, crush injury, severe electrolyte abnormalities, dissem- 
inated intravascular coagulation, certain toxins, and prolonged seizures. Pig- 
menturia, or heme-negative urine, may appear red, cola-colored, burgundy, 
dark brown, or even black depending on the ingestion of certain food or 
drugs, or the excretion of various urinary metabolites (Table 5.1). A negative 
urinary dipstick test eliminates the possibility of hemoglobin or myoglobin 
as the etiology of urinary discoloration. 


Table 5.1 


False-positive tests for hematuria 


Heme negative (Pigmenturia) 


Heme positive Drugs Dyes Metabolites 
Hemoglobin Chloroquine Beets Homogenistic Acid 
Myoglobin Deferoxamine Blackberries Melanin 
Ibuprofen Food coloring Methemoglobin 
Iron sorbitol Porphyrin 
Metronidazole Tyrosine 
Nitrofurantoin Urates 
Pyridium 
Rifampin 
Salicylates 
Sulfasalazine 


Urine centrifugation and microscopic analysis can be helpful in localiz- 
ing the source of bleeding. After centrifugation, a red-brown sediment with a 
clear supernatant indicates the presence of whole blood in urine. On the con- 
trary, if the sediment is not discolored and the supernatant is red-brown, then 
urine discoloration is more likely due to free myoglobin or hemoglobin. On 
microscopic examination, findings such as red cell casts are pathognomonic 
for glomerular disease. Red blood cells with a dysmorphic appearance, par- 
ticularly acanthocytes, are also more likely to have a glomerular origin. 
Although helpful if present, the absence of these findings does not rule out 
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glomerular disease. In non-glomerular hematuria, microscopic examination 
reveals urinary RBCs with a uniform size and shape. Hypercalciuria, a non- 
glomerular cause of hematuria can be associated with dysmorphic red blood 
cells, but not red blood cell casts (Table 5.2). 

Patients and parents should be reassured that the degree of color change 
of the urine does not necessarily reflect the degree of blood loss. While just 
one milliliter of blood per liter is sufficient to induce a visible color change, 
hematuria in children is almost never a cause of anemia. 


CLASSIFICATION 


Hematuria may be characterized as microscopic or macroscopic (gross). 
It may present with or without additional clinical symptoms to help localize 
its source. These symptoms often include lower urinary tract irritation, such 
as dysuria, frequency, urgency, and bladder spasms, as well as the presence 
of clots in the urine. Alternatively, symptoms of glomerular disease may 
be described, including edema, arthralgia, or rash. Patients with glomerular 
disease are also more likely to present with hypertension, elevated serum 
creatinine, anemia, and hypoalbuminemia. 

Depending on the etiology, hematuria may or may not present with pro- 
teinuria. Plasma proteins are excreted in urine in proportion to the degree of 
bleeding. As much as 2+ protein can be detected by dipstick analysis dur- 
ing episodes of gross hematuria, solely from hemolysis of urinary erythro- 
cytes. The presence of greater than 2+ protein in the urine raises suspicion of 
glomerular disease, especially when hypoalbuminemia is also present. Eval- 
uation of the degree of proteinuria is important, as the presence of significant 
proteinuria with hematuria is associated with a higher risk of morbidity than 
hematuria alone (3, 4). 

Additionally, hematuria may be transient, intermittent, or persistent. It 
may be present for either the initial or terminal portion, or for the entire 
duration of the urinary stream. Based on all of the above considerations, four 
categories of hematuria have been proposed: gross hematuria, microscopic 
hematuria with clinical symptoms, asymptomatic isolated hematuria, and 
aysmptomatic hematuria with proteinuria (5). 


EPIDEMIOLOGY 


Most studies of hematuria in children have been conducted by screen- 
ing healthy children, or by retrospective analyses of children with hema- 
turia, usually comprising cases from a single health center. These studies 
demonstrate that although microscopic hematuria is much more common 
than macroscopic hematuria, pathologic findings in microscopic hematuria 
are much less frequent. 

Vehaskari et al. screened an unselected population of 8,954 children aged 
8—15 years for hematuria by examining four urine samples from each child. 
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Microscopic hematuria was detected in one or more specimens in 4.1% of 
the children. However, hematuria was transient in the majority of these chil- 
dren, and after excluding children who had only one positive urine sample, 
the prevalence of microscopic hematuria was calculated to be 1.1% (6). In 
contrast to some other contemporary reports, prevalence was not age or sex 
dependent. The most common identifiable etiology was urinary tract infec- 
tion (6%), followed by UPJ obstruction (1.6%), IgA nephropathy (1.6%), 
and Alport’s syndrome (0.8%). The overall prevalence of proteinuria in the 
same population was 10.6%, while the prevalence of hematuria and protein- 
uria combined was 0.7%. 

In a prospective study of the natural history of microhematuria by Hisano 
et al., 251 of 160,000 unselected Japanese schoolchildren screened (0.15%) 
were found to have isolated microscopic hematuria. The authors excluded 
from this group all children with an identifiable cause, namely, menstrua- 
tion (35%), UTI (5.6%), hypercalciuria (2%), HSP (1.2%), hydronephrosis 
(1.2%), and polycystic kidney disease (0.4%). The remaining 136 children 
were observed along with their parents over a period of 7.4 years. Nine- 
teen of these children underwent renal biopsy for concern of glomerular 
disease, with IgA nephropathy being the most common pathologic find- 
ing. At the end of the study period, 26% of children had resolution of 
hematuria, 74% had persistent isolated microhematuria, and less than 1% 
had microhematuria with proteinuria. Most importantly, no children in 
this study developed any clinical or laboratory evidence of renal insuffi- 
ciency. The authors concluded that isolated microscopic hematuria is a rel- 
atively benign condition after the exclusion of easily identifiable causes, 
which has a good long-term prognosis, and does not necessitate renal 
biopsy (7). 

Similar findings have been reported after retrospective analyses of micro- 
scopic hematuria. Feld et al. reviewed the charts of 325 children referred to a 
tertiary care facility for an evaluation of microscopic hematuria. Study sub- 
jects were selected after the application of strict exclusion criteria, including 
history of proteinuria, nephrolithiasis, systemic illness, glomerular disease, 
sickle cell disease, bleeding diatheses, and presence of UTI. All laboratory 
and radiologic studies performed were reviewed. Seventy-eight percent of 
patients had serum chemistries analyzed, and all values were found to be 
normal for age. Complement levels were checked in 48% of children, and 
despite low levels in two children, further work-up for proteinuria, hyperten- 
sion, or impaired renal function was negative. Eighty-seven percent of chil- 
dren had renal ultrasounds performed, and 28% underwent VCUGs. Only 
18 ultrasound exams were abnormal, and none showed clinically significant 
findings. Nine VCUGs were abnormal, and showed low-grade reflux. The 
results of this study clearly demonstrated the low yield of a detailed work- 
up for isolated hematuria (8). The latter is an important point to consider in 
light of the cost of a complete evaluation for hematuria, which can average 
between $500—1,000 per individual (Table 5.3). 
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Table 5.3 


Etiology of isolated microscopic hematuria 


Common causes 

IgA nephropathy 

Alport’s syndrome 

Post-streptococcal glomerulonephritis 

Thin glomerular basement membrane disease 
Henoch-Schonlein purpura nephritis 

Sickle cell trait or disease 

Idiopathic hypercalciuria 

Urolithiasis 


Less common causes 

Membranous glomerulonephritis 
Membranoproliferative glomerulonephritis 
SLE-associated glomerulonephritis 
Coagulopathies and thrombocytopenia 
Arteriovenous malformations 

Trauma 

Obstruction 

Tumor 

Exercise 

Fever 


Gross hematuria in children is relatively uncommon, and accounts for 
approximately 1.3 in 1000 outpatient visits to a pediatrician (9). Various 
etiologies may account for gross hematuria, including infections, glomeru- 
lopathies, stones, hematologic disorders, and tumors, but the relative fre- 
quency of these known causes varies depending upon the clinical setting 
(Table 5.4). A 2-year retrospective review of 150 patients presenting to a 
tertiary pediatric emergency center with gross hematuria found that doc- 
umented (26%) or suspected (23%) urinary tract infection was the under- 
lying diagnosis in more than half of all patients (9). Only 9% of patients 
in this study population had apparent glomerular disease. In contrast, in a 
10-year retrospective review of 342 children with gross hematuria present- 
ing to a pediatric urologic center, the most common causes were urethror- 
rhagia (19%), trauma (14%), and UTI (14%) (10). In this study, there were 
no cases of glomerular disease, which illustrates the difference in the pop- 
ulation of patients seen in an ambulatory general pediatric setting versus a 
specialty office setting. Further illustrating this point is a third retrospective 
case series of 100 patients from a pediatric nephrology center where gross 
hematuria secondary to a glomerular cause was identified in 29% of the 
patients, with IgA nephropathy and Alport syndrome being the most com- 
mon diagnoses (11). 
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Table 5.4 


Etiology of macroscopic (gross hematuria) 


Glomerular 

Post-streptococcal glomerulonephritis 

IgA nephropathy 

Alport’s syndrome 

Thin glomerular basement membrane disease 
Membranous glomerulonephritis 
Membranoproliferative glomerulonephritis 
SLE-associated glomerulonephritis 
Henoch-Schonlein purpura nephritis 

Rapidly progressive crescentic glomerulonephritis 
Goodpasture’s disease 

Hemolytic-uremic syndrome 


Interstitial 

Cystic disease 
Nephrocalcinosis 
Interstitial nephritis 
Acute tubular necrosis 
Cortical necrosis 
Nephrotoxins 

Tumors 


Vascular 

Trauma 

Sickle cell nephropathy 

Renal vein thrombosis 

Renal artery thrombosis 
Coagulopathies and thrombocytopenia 
Arteriovenous malformations 
Nutcracker syndrome 


Lower Urinary Tract 


Glomerular 

Idiopathic hypercalciuria 
Nephrolithiasis 

Bacterial infection 
Hemorrhagic cystitis 
Obstruction 

Urethrorrhagia 

Heavy exercise 

Loin pain-hematuria syndrome 
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In the two referral-based retrospective studies above, boys were at a 
higher risk for gross hematuria than girls, likely due to their increased sus- 
ceptibility to trauma of the urethral meatus. In the study by Ingelfinger et al., 
there was no sex predilection with respect to the prevalence of gross hema- 
turia when the total population was considered. However, females predom- 
inated in the subgroup of patients with documented and suspected urinary 
tract infections, while patients with recurrent gross hematuria, trauma, or 
meatal stenosis were predominantly male. 

Unlike patients with isolated microhematuria, patients with gross hema- 
turia usually require extensive evaluation, as the underlying diagnosis is 
more often clinically significant. Laboratory studies, as well as imaging 
modalities such as ultrasound and VCUG, are useful in order to establish 
a definitive diagnosis. Cystourethroscopy may be used in cases where gross 
hematuria persists despite negative radiologic findings. Renal biopsy is also 
recommended and useful when indicated. 


ETIOLOGY 


Hematuria in children is more frequently due to medical rather than sur- 
gical causes and can result from involvement of the glomerulus, renal inter- 
stitium, renal vascular supply, or lower urinary tract. 


HEMATURIA FROM GLOMERULAR CAUSES 


Although glomerular causes of hematuria are typically painless, some 
patients do complain of vague abdominal or flank pain upon presentation. 
Hematuria may be either microscopic or macroscopic. Approximately 10% 
of all children with gross hematuria have either an acute or chronic form 
of glomerulonephritis, the most common causes being IgA nephropathy and 
poststreptococcal glomerulonephritis (2). When glomerular bleeding leads 
to microscopic hematuria, it is usually accompanied by proteinuria. 


Acute Post-streptococcal Glomerulonephritis 


Acute post-streptococcal glomerulonephritis (PSGN) is a classic exam- 
ple of the acute nephritic syndrome characterized by the sudden onset of 
gross hematuria, edema, hypertension, and renal insufficiency. After IgA 
nephropathy, acute PSGN is the next most common cause of glomerular 
hematuria in children. The development of PSGN follows 1—2 weeks after 
streptococcal pharyngitis or 3—6 weeks after streptococcal skin infections 
with certain nephritogenic strains of group A beta-hemolytic streptococci. 

PSGN is most common in children aged 5-12 years and uncommon 
before the age of three years. At the time of presentation, patients may be 
asymptomatic, or complain of malaise, headache, nausea, vomiting, abdom- 
inal pain, and oliguria. Depending on the severity of renal involvement, 
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physical examination often reveals edema and hypertension. Hypertensive 
encephalopathy may be seen in up to 10% of cases. Urinalysis reveals pro- 
teinuria with hematuria. Red blood cell casts, if present, help confirm the 
diagnosis. Serum BUN and creatinine can be normal or elevated. The C3 
component of the complement pathway is almost always decreased, while 
C4 is usually normal or only mildly depressed. Renal biopsy is not neces- 
sary for the diagnosis of PSGN, but should be considered if macroscopic 
hematuria, proteinuria, diminished renal function, or low C3 levels persist 
for longer than 2 months after onset. 

Confirmation of the diagnosis of PSGN requires clear evidence of inva- 
sive streptococcal infection, in order to rule out other diagnoses such as 
systemic lupus erythematosus and an acute exacerbation of a chronic 
glomerulonephritis. An elevated antistreptolysin-O titer is common after a 
pharyngeal infection but rarely increases after streptococcal skin infections. 
Documentation of cutaneous infections is best done with anti-DNAase B 
titers. 

Treatment of PSGN is supportive and includes management of its poten- 
tial complications such as hypertension, acidosis, electrolyte disturbances, 
and uremia. Early systemic antibiotic therapy for streptococcal infections 
unfortunately does not eliminate the risk of glomerulonephritis. The ulti- 
mate prognosis of PSGN is good; complete recovery occurs in more than 
95% of children. The acute phase of the disease generally resolves within 
6-8 weeks, accompanied by resolution of proteinuria and hypertension, and 
return of C3 to baseline levels. Microscopic hematuria, however, can persist 
for 1-2 years after initial presentation. 


IgA Nephropathy 


IgA nephropathy remains the most common chronic glomerular disease 
worldwide. It commonly presents with recurrent gross hematuria that begins 
1-2 days after the onset of a respiratory or gastrointestinal illness and 
resolves in 5—7 days. Patients with IgA nephropathy can also have asymp- 
tomatic but persistent microscopic hematuria and proteinuria without gross 
hematuria. 

The pathophysiology of this disease remains elusive, although some 
recent research has linked IgA nephropathy to chromosome 6q22-23, and 
family clustering of the disease has also been described (/2). IgA nephropa- 
thy is seen more often in males than females. Affected children require 
close, long-term follow-up. Approximately 25% of these patients develop 
a slowly progressive deterioration in renal function in adulthood, whereas 
the remaining 75% remain stable or improve (/3). Poor prognostic indicators 
include persistent hypertension, diminished renal function, and heavy or pro- 
longed proteinuria. Hisano et al. followed the clinical course of 43 Japanese 
children with IgA nephropathy and found that disease outcome correlated 
with the level of proteinuria and the severity of renal pathology on biopsy 


Chapter 5 / Hematuria: Gross and Microscopic 101 


specimens. In particular, children with proteinuria >1 g/m?/day had mod- 
erate to severe histological findings, and half of these patients developed 
hypertension or renal insufficiency during the follow-up period (/4). 

Besides the urinary findings of hematuria, proteinuria, and RBC casts, 
the results of other laboratory investigations such as serum C3, are usually 
in the normal range. Serum IgA levels are only elevated in 15% of patients 
and have no diagnostic value. A renal biopsy is required for diagnosis. The 
primary treatment is blood pressure control along with reduction in protein- 
uria. ACE inhibitors are currently considered first line agents due their bene- 
ficial effects on both conditions. Other advocated therapies include corticos- 
teroids, mycophenolate mofetil, and fish oil, but their efficacy in preserving 
renal function in children is unproven. 


Alport’s Syndrome 


Alport’s syndrome, or hereditary nephritis, is caused by mutations in the 
gene for Type IV collagen, a major component of the glomerular basement 
membrane. Depending on the type of mutation involved, inheritance of this 
syndrome may be X-linked, autosomal recessive, or autosomal dominant. 
The majority of patients (85%) have X-linked disease, secondary to a muta- 
tion in the COL4AS5 gene encoding the a-5 chain of Type IV collagen. All 
patients have asymptomatic microscopic hematuria with some degree of pro- 
teinuria, and approximately 50% of patients develop self-limiting episodes 
of gross hematuria 1-2 days after an upper respiratory infection. Progressive 
proteinuria, often exceeding 1 g/day is common by the second decade of life 
and can be severe enough to cause nephrotic syndrome. 

Extrarenal manifestations of Alport’s syndrome include sensorineural 
hearing loss and ocular abnormalities. A careful family history of renal fail- 
ure or premature hearing loss, urinalysis of first-degree relatives, an audio- 
gram, and ophthalmologic examination are therefore key components of the 
work-up of this syndrome. 

In boys, Alport’s syndrome progresses to end-stage renal disease faster 
than in girls, due to the X-linked transmission of Alport’s syndrome. Risk 
factors for progression are nephrotic syndrome, gross hematuria in child- 
hood, and prominent glomerular basement membrane thickening on biopsy. 
No specific therapy for this disease in available, although some studies have 
used cyclosporine and ACE inhibitors with good effect (2). Dialysis and 
renal transplantation are the only options for definitive therapy. 


Thin Glomerular Basement Membrane Disease 


Thin glomerular basement membrane (GBM) disease is defined by the 
presence of asymptomatic, typically microscopic hematuria with isolated 
thinning of the glomerular basement membrane on electron microscopy. 
Physical examination and laboratory values are all within normal limits. 
When isolated microhematuria presents in this fashion in multiple family 
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members without any evidence of renal disease, the condition is also referred 
to as benign familial hematuria. 

Thin GBM disease can be sporadic or transmitted as an autosomal dom- 
inant trait in the familial form. Because the pathological features of benign 
familial hematuria resemble those of Alport’s syndrome, a common molec- 
ular defect has been proposed. Using linkage analysis, Badenas et al. have 
described that mutations in the COL4A4 and COL4A3 genes, implicated in 
Alport’s syndrome, also have a role in families with benign familial hema- 
turia (75). 

The diagnosis of thin GBM disease or benign familial hematuria is one 
of exclusion. Renal biopsy is usually not necessary. Prognosis is excellent; 
however, most authors recommend that these children be followed on an 
annual basis to assess for the development of proteinuria, hypertension, renal 
insufficiency, or other signs and symptoms that negate the diagnosis of thin 
GBM disease and suggest the presence of Alport’s syndrome. 


Membranous Glomerulonephritis 


Although the most common cause of nephrotic syndrome in adults, mem- 
branous glomerulopathy is an uncommon cause of hematuria in children. 
It generally occurs in the second decade of life, although a neonatal form 
has been reported. The presentation is that of nephrotic syndrome, and most 
patients only develop microscopic hematuria. Membranous glomerulopathy 
accounts for 2—6% of childhood nephrotic syndrome cases. 

Diagnosis is confirmed by renal biopsy, as there are no specific diagnostic 
tests. Indications for biopsy include nephritic syndrome, or the presence of 
unexplained hematuria and proteinuria. Affected patients are at risk for renal 
vein thrombosis. Prognosis of membranous glomerulonephritis is variable, 
but patients with asymptomatic, low-grade proteinuria and microhematuria 
can have spontaneous remission. 


Membranoproliferative Glomerulonephritis 


Membranoproliferative glomerulonephritis (MPGN) is typically idio- 
pathic in the pediatric population and presents with microscopic hematuria 
with proteinuria in up to 35% of affected children. In adults, it may be associ- 
ated with systemic cryoglobulinemia. Other presentations include nephrotic 
syndrome with renal insufficiency (35%), chronic, progressive glomeru- 
lonephritis (20%), and a rapidly progressive glomerulonephritis with renal 
failure and red cell casts (10%). It is most common in the second decade of 
life and rare under the age of five. MPGN predominantly affects Caucasians, 
with no obvious sex predilection. Three distinct histological classifications 
of MPGN are defined (types I, I, and II), which may be associated with 
various abnormalities of the immune system as well as chronic infections 
like Hepatitis B and C. 
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Complement levels are depressed, and unlike post-streptococcal glomeru- 
lonephritis, do not return to normal. Diagnosis is often confirmed by renal 
biopsy. Treatment is based on the severity of histologic injury and on the 
degree of proteinuria, typically consisting of a prolonged course of oral 
steroids. MPGN carries a poor prognosis in children, with 40-50% of 
affected patients progressing to end stage renal disease over 10 years. 


Glomerulonephritis Associated with Systemic Lupus 
Erythematosus 


Renal involvement is one of the most common features of systemic lupus 
erythematosus (SLE) in childhood and may occasionally be the only mani- 
festation. The majority of children with SLE are adolescent females. Clinical 
evidence of renal disease occurs in 30-70% of affected children. The sever- 
ity and treatment of SLE nephritis are variable, and determined by the World 
Health Organization renal histologic classification. 

The diagnosis of SLE is based on detecting antibodies specific for native, 
double-stranded DNA. C3 and C4 levels are also depressed. However, 
because the correlation between clinical manifestations of the disease and 
renal involvement is so variable, renal biopsy is recommended in all patients 
with SLE. Immunosuppressive therapy is the cornerstone of treatment for 
SLE nephritis, and aggressive therapy has been shown to improve the prog- 
nosis of SLE in childhood. Success of therapy is defined as normalization of 
levels of C3, C4, and anti-dsDNA antibodies and reduction in proteinuria. 
Depending on the histologic classification and disease severity, prednisone, 
azathioprine, mycophenolate mofetil, cyclophosphamide, and monoclonal 
anti CD20 antibody (rituximab) have all been used as immunosuppressive 
agents. 


Henoch-Schonlein Purpura Nephritis 


Henoch-Schonlein Pupura (HSP) is a small vessel vasculitis, character- 
ized by a pupuric rash, arthritis, abdominal pain, and glomerulonephritis 
(Fig. 5.1). The exact pathogenesis of this disease is unknown, but the mech- 
anism involves formation of immune complexes containing polymeric IgA 
within capillaries of the skin, intestines, and glomerulus. Predictably, renal 
biopsy findings in HSP are identical to those seen in IgA nephropathy; how- 
ever, systemic findings including the characteristic skin rash involving the 
buttocks and lower extremities are only encountered in HSP nephritis. 

Renal manifestations of HSP may occur several weeks after the initial pre- 
sentation of HSP. Gross hematuria is seen in 20-30% of cases, but patients 
may also present with microscopic hematuria with or without proteinuria. 
Nephritic syndrome, nephrotic syndrome, and acute renal insufficiency are 
all less frequent. Ureteritis, an uncommon urologic manifestation of HSP, 
is seen in children younger than 5 years of age. HSP may result in ureteral 
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Fig. 5.1. Penoscrotal erythema and characteristic lower extremity rash seen in Henoch- 
Schonlein Purpura. 


stenosis with subsequent hydronephrosis and flank pain, requiring surgical 
correction. 

The risk of developing chronic renal disease secondary to HSP nephritis 
is 2-5%. Prognosis is best in the setting of isolated microscopic hematuria. 
Presentation with acute nephritic or nephrotic syndrome carries the highest 
risk of developing hypertension, hematuria, or chronic renal failure. Treat- 
ment is supportive; controlled data showing that any specific therapy reduces 
the risk of progression to severe renal disease is lacking. 


Rapidly Progressive Crescentic Glomerulonephritis 


Although rare, rapidly progressive glomerulonephritis (RPGN) is one of 
the few emergencies in pediatric nephrology. Initial presentation is simi- 
lar to post-streptococcal glomerulonephritis, with gross hematuria, edema, 
and hypertension, but prognosis is considerably worse. The most common 
causes of RPGN include anti-GBM disease, and ANCA antibody-associated 
vasculitis. IgA nephropathy, SLE, PSGN, and HSP can occasionally have a 
rapidly progressive phenotype, or RPGN can be idiopathic. 

Appropriate serologic studies include anti-GBM antibody, c-ANCA, p- 
ANCA, antinuclear antibodies, C3 levels, and anti-DNAase B titers, in order 
to delineate the specific underlying cause. Renal function studies show renal 
insufficiency and associated electrolyte abnormalities. Renal biopsy is nec- 
essary to confirm the diagnosis and characteristically demonstrates glomeru- 
lar crescents and widespread interstitial inflammation. 

Most patients develop acute renal failure associated with acute nephritic 
or nephrotic syndrome typically associated with severe hypertension. Pro- 
gression to renal failure can occur within weeks to months after onset. Chil- 
dren with a rapidly progressive course associated with PSGN usually recover 
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with treatment. A combination of high-dose prednisone and cyclophos- 
phamide therapy may lead to a therapeutic response with SLE nephritis, IgA 
nephropathy, and HSP nephritis, if initiated early. Plasmaphresis is reserved 
for patients presenting with anti-GBM disease or ANCA-associated vasculi- 
tis. Despite aggressive therapy, renal outcomes in RPGN are less favorable, 
and end-stage renal disease develops within 2-3 years. 


Goodpasture’s Disease 


Goodpasture’s disease, or anti-glomerular basement membrane nephritis, 
is characterized by pulmonary hemorrhage and glomerulonephritis associ- 
ated with antibodies against specific epitopes of type IV collagen, which is 
found within alveolar and glomerular basement membranes. 

Renal manifestations include acute nephritic syndrome with hematuria, 
proteinuria, and hypertension. Progressive renal failure can occur within 
weeks to months. Detection of anti-GBM antibodies is sufficient to con- 
firm the diagnosis. Pulmonary hemorrhage associated with this condition 
can be life-threatening. Patients who survive pulmonary hemorrhage usu- 
ally progress to end-stage renal failure. However, with the use of pulse 
methylprednisolone, oral cyclophosphamide, and plasmapheresis, improve- 
ment has been seen in rates of recovery of renal function if therapy is initi- 
ated early in the course of the disease. 


Hemolytic-Uremic Syndrome 


Hemolytic-uremic syndrome is the most common cause of acute renal 
failure in young children, classically characterized by the triad of microan- 
giopathic hemolytic anemia, thrombocytopenia and uremia. HUS is associ- 
ated with a variety of bacterial and viral infection, E. coli and Shigella being 
the most common, as well as several medications. The most typical presen- 
tation is that of an acute enteritis with diarrhea, caused by Shiga-like toxin 
produced by E. coli 0157:H7, found in undercooked meat and unpasteur- 
ized milk. The toxin is absorbed from the intestines and initiates endothelial 
cell injury in glomeruli and small arteries and arterioles. 

HUS is most common in children younger than 4 years of age. 
Physical examination may reveal dehydration, edema, petechiae, hep- 
atosplenomegaly, and marked irritability. Renal manifestations vary from 
mild renal insufficiency to acute oliguric or anuric renal failure requiring 
dialysis. Patients with bilateral renal vein thrombosis may be difficult to clin- 
ically distinguish from those with HUS. A Doppler ultrasound can help with 
the diagnosis of renal vein thrombosis. A renal biopsy for the diagnosis of 
HUS is rarely indicated. 


106 Mehta, Faizan, and Caldamone 


HEMATURIA DUE TO RENAL INTERSTITIAL DISEASES 


Renal interstitial causes of hematuria can be sub-classified into a number 
of categories, including infectious and metabolic causes, medications and 
toxins, and anatomic and neoplastic abnormalities. 


Cystic Disease 


Renal cysts may be solitary and simple, or associated with multicystic 
dysplasia or polycystic kidney disease (Figs. 5.2 and 5.3). Cystic disease is 
the most common renal anatomic abnormality associated with hematuria. 
Dilatation and distortion of the renal parenchyma can lead to flank pain and 
brisk bleeding, in part because of urokinase production by the kidneys. Cys- 
tic disease-associated hematuria can, therefore, require immediate urologic 
or nephrologic evaluation. 


Fig. 5.2. Multicystic dysplastic kidney disease. 


Nephrocalcinosis 


Nephrocalcinosis is defined as an increase in the calcium content of 
the kidney. There are numerous causes of nephrocalcinosis, including 
renal tubular acidosis, hypercalciuria, loop diuretics, hyperparathyroidism, 
medullary sponge kidney, prolonged immobilization, as well as a num- 
ber of inherited metabolic disorders (Figs. 5.4 and 5.5). Renal calcification 
induces renal tubular and interstitial damage, leading to microscopic or gross 
hematuria. The clinical significance and the prognosis of nephrocalcinosis 
remains unclear, although the degree of nephrocalcinosis has been nega- 
tively correlated with glomerular filtration rate and concentration capacity 
(16). 
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Fig. 5.4. Diffuse nephrocalcinosis. 


Interstitial Nephritis 


Interstitial nephritis in characterized by tubulointerstitial inflammation 
and damage, with relative sparing of the glomeruli and vessels. Both acute 
and chronic forms of this condition exist. Causes include a variety of med- 
ications, primary glomerular diseases, as well as systemic diseases such as 
lupus erythematosus. 
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Fig. 5.5. Linear pattern of nephrocalcinosis involving the collecting ducts of the renal 
parenchyma. 


The classic presentation of interstitial nephritis is fever, rash, and arthral- 
gia, in the setting of a rising serum creatinine. Patients may additionally 
complain of non-specific constitutional symptoms, such as nausea, vomit- 
ing, and fatigue, or specific signs and symptoms of a systemic disease like 
SLE. Sterile pyuria is an important diagnostic clue. Eosinophilia and eosin- 
philuria is occasionally present. Some degree of microscopic hematuria is 
invariably present, but significant hematuria or proteinuria is uncommon. 
One exception is patients with NSAID-induced interstitial nephritis, who 
may present with nephrotic syndrome. Treatment is supportive, and directed 
at addressing the complications of acute renal failure and cessation of the 
offending medication, if present. Steroids may help shorten the duration of 
renal failure. 


Acute Tubular Necrosis 


Renal hypoperfusion and renal ischemia are the most commonly doc- 
umented causes of acute tubular necrosis, although various endogenous 
and exogenous nephrotoxic agents are also recognized. The mechanism of 
injury in acute tubular necrosis (ATN) includes alteration in intrarenal hemo- 
dynamics, tubular obstruction, and passive backleak of glomerular filtrate 
across injured tubular cells into the peritubular capillaries. 

The initial presentation is that of acute renal failure with oliguria. The 
urine sediment typically consists of brownish pigmented granular casts 
(“muddy brown casts”). Microscopic and occasional gross hematuria may 
also be present. The treatment of ATN revolves around management of fluid 
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status and renal function, during the initial oliguric phase as well as the later 
diuretic phase. 


Cortical Necrosis 


Renal cortical necrosis is the final common result of several types of renal 
injury, which develops when endothelial cell injury occurs in conjunction 
with diminished renal cortical blood flow. Toxins and other mediators that 
develop in this setting initiate intrarenal coagulation, leading to thrombosis 
and cortical necrosis. As such, renal cortical necrosis is most commonly seen 
in children with septic shock or severe hemolytic uremic syndrome. Cortical 
necrosis is also seen in newborns, where it is most commonly associated 
with ischemic insults secondary to perinatal asphyxia, placental abruption, 
and twin-twin or fetal—maternal transfusion syndromes. 

Cortical necrosis presents as acute renal failure, with diminished urine 
output. Gross or microscopic hematuria may also be present. Hypertension 
is common, and thrombocytopenia may also be present as a result of renal 
microvascular injury. Therapy is aimed at managing the acute renal failure as 
well as treating the underlying etiology. Children with cortical necrosis may 
have little or no renal recovery. Prognosis therefore depends on the amount 
of surviving, uninvolved renal cortex. 


Nephrotoxins 


Medications, chemicals, and diagnostic agents such as iodinated radio- 
graphic contrast media can cause renal damage by a number of different 
mechanisms, including alteration of renal blood flow, intratubular obstruc- 
tion, acute tubular necrosis, or induction of a hypersensitivity reaction. 
Depending upon the mechanism of nephrotoxicity, either gross or micro- 
scopic hematuria can signify renal injury. Nephrotoxiciy is often reversible 
if the offending agent is promptly identified and removed. 


Tumors 


Although uncommon in the pediatric population, tumors of the urinary 
tract are the primary concern for the parents of a child with hematuria. Of 
the pediatric tumors involving the urinary tract, Wilms tumor or nephroblas- 
toma is most commonly associated with hematuria. It is a complex embry- 
onal neoplasm of the kidney composed of blastemal, epithelial, and stro- 
mal elements (Fig. 5.6). While most cases are sporadic, 1-2% are familial, 
with autosomal dominant inheritance. Mutations of WT1, beta-catenin, and 
p53 genes are most commonly described. Several syndromes and congenital 
abnormalities are known to be associated with Wilms’ tumor; genitourinary 
abnormalities include hypoplasia, ectopia, and fusion of the kidney, dupli- 
cation of the collecting system, hypospadias, and cryptorchidism. 

Wilms tumor accounts for 6% of pediatric cancers and is the second most 
common malignant tumor of childhood. It usually occurs in children aged 
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Fig. 5.6. Wilms’ tumor involving lower pole of left kidney. 


2-5 years, but has been encountered in neonates, adolescents, and young 
adults. Classic presentation is that of a palpable abdominal mass. Some 
patients also complain of abdominal pain and vomiting. Hematuria is seen 
in 12-25% of cases. Treatment consists of a combination of surgical extir- 
pative therapy, chemotherapy, and radiation therapy. Prognosis depends on 
tumor size, stage, histologic subtype, and response to therapy. Overall, more 
than 60% of patients with Wilms tumor survive. Cure rate improves to more 
than 90% for lower stage tumors. 

Although much less common than Wilms tumor, renal cell carcinoma 
and renal medullary carcinoma have also been reported in the pediatric 
population. Renal call carcinoma can present as hematuria with or with- 
out an abdominal mass. If detected early, complete resection of the tumor 
can achieve cure. In contrast, the prognosis of renal medullary carcinoma is 
much poorer. The latter is a highly aggressive tumor associated with sickle 
cell trait, and usually presents with hematuria and a flank mass. Metastasis 
is usually present at the time of diagnosis. 

Any abdominal mass in a child must, therefore, be considered malignant 
until laboratory findings and diagnostic imaging prove otherwise. If the diag- 
nosis remains unclear despite a complete evaluation, then biopsy of the mass 
is indicated. 


VASCULAR CAUSES OF HEMATURIA 


With the exception of trauma, vascular causes of hematuria in children are 
much less common than the other causes described here. However, many of 
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these are associated with gross hematuria, and are therefore more likely to 
be a source of concern for patients and their families. 


Trauma 


Hematuria can be the initial presenting sign of trauma to the urinary tract. 
Blunt trauma accounts for approximately 90% of pediatric renal injuries, 
with the remainder caused by penetrating injury. Injuries to the kidney occur 
in 10-20% of all cases of pediatric blunt abdominal trauma (/7). The lack 
of perirenal fat, relatively larger size of the pediatric kidney in relation to the 
rest of the body, and decreased protection from the less ossified and more 
pliable thoracic cage are possible explanations for why children are more 
susceptible to renal injuries (/8). 

Urinalysis should be performed at each initial trauma evaluation, as a 
guide for further work-up. The need for additional imaging is based on 
the number of RBC/hpf and the type of trauma. Greater than 50 RBC/hpf 
in blunt trauma and greater than SRBC/hpf in penetrating trauma are con- 
sidered significant to warrant additional imaging (Fig. 5.7). However, the 
degree of renal injury cannot be determined by the presence, absence, or 
amount of hematuria. Several studies have reported gross hematuria in 
minor, grade I renal injuries, and minimal or no hematuria in severe, grade 
IV-V renal injuries (/7). 

Over the past two decades, the management of pediatric renal trauma 
has shifted toward conservative management, with preservation of renal 
parenchyma becoming the standard of care. With this approach, renal 


Fig. 5.7. Left renal laceration with subcapsular hematoma. 
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salvage rates of 98—99% have been reported in the recent literature (/9). 
According to the current guidelines of the American Association for the 
Surgery of Trauma (AAST), hemodynamically stable grade I-III injuries 
can be managed non-operatively with hospital admission, strict bed rest, and 
serial examinations and hematocrits until complete resolution of hematuria. 
Grade IV-V renal injuries require selective management based on clinical 
presentation, hemodynamic stability, mechanism of injury, and other associ- 
ated non-urologic injuries. Thirty to eighty percent of cases of severe grade 
IV-V injuries are associated with significant non-urologic injuries, which 
often precludes conservative management and may require operative inter- 
vention. In the absence of significant associated injuries, persistent bleeding 
is the primary reason for urological intervention. 


Sickle Cell Nephropathy 


After trauma, sickle cell nephropathy is the most prevalent vascular cause 
of hematuria. Both gross and microscopic hematuria can be seen in chil- 
dren with sickle cell disease or trait. Hematuria is thought to result from 
microthrombosis secondary to sickling in the relatively hypoxic, acidic, and 
hypertonic renal medulla. 

In a prospective study of children with sickle cell disease, the preva- 
lence of gross and microscopic hematuria was 1 and 16%, respectively (20). 
Sickle-cell associated hematuria is usually painless, episodic, of variable 
severity, and unilateral, occurring more commonly on the left side. Ultra- 
sound imaging may show evidence of renal papillary necrosis. Obliteration 
of renal vasculature can lead to glomerular scarring and interstitial fibrosis 
over time. 

Gross hematuria usually responds to hydration, but microhematuria can 
persist. 

Additional clinical manifestations of sickle cell nephropathy include 
polyuria, renal tubular acidosis, and proteinuria. ACE inhibitors and hydrox- 
yurea are used to decrease urinary protein excretion. No specific treatment 
for microhematuria exists in these patients. 


Renal Vein Thrombosis 


The development of renal vein thrombosis is suggested by the sudden 
onset of gross hematuria accompanied by unilateral or bilateral flank masses. 
Patients may also present with microscopic hematuria, flank pain, oliguria, 
or hypertension. Renal vein thrombosis (RVT) occurs in two distinct clin- 
ical situations, with impaired renal blood flow thought to be the common 
etiology. In newborns and infants, RVT is usually associated with birth 
asphyxia, shock, sepsis, dehydration, prolonged delivery, prematurity, and 
infants born to diabetic mothers. Among older children, RVT is seen more 
often in patients with nephrotic syndrome, cyanotic heart disease, and fol- 
lowing exposure to angiographic contrast agents. 
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Fig. 5.8. Clot associated with renal vein thrombosis extending into the inferior vena 
cava. 


Fig. 5.9. (a) Long-term follow-up of left renal vein thrombosis demonstrates nor- 
mal right kidney. (b) Long-term follow-up of left renal vein thrombosis demonstrates 
atrophic left kidney. 


RVT begins in the intrarenal venous circulation and may spread to the 
renal vein and inferior vena cava (Figs. and ). Thrombus formation 
is the result of endothelial injury due to hypoxia, endotoxins, or contrast 
media. Hypercoagulability due to conditions such as nephrotic syndrome, 
or mutations in genes encoding for clotting factors, can be a contributing 
factor. Approximately 20% of infants with gross hematuria are found to have 
renal vein thrombosis. Among neonates with RVT, approximately 20% have 
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bilateral involvement, and up to 50% may have pro-thrombotic tendencies 
(21). All patients with RVT should be screened for congenital and, in older 
children, acquired hypercoagulable states. 

Diagnosis is best made on ultrasound imaging, which shows renal 
enlargement on the affected side, and may even demonstrate the thrombus. 
Alternatively, Doppler studies of the inferior vena cava and renal vein con- 
firm the diagnosis. If performed, radionuclide studies reveal little or no func- 
tion in the affected kidney. Bilateral RVT, therefore, usually results in acute 
renal failure. 

The management of RVT is initially aimed at correcting fluid and elec- 
trolyte abnormalities. These children should be carefully followed for the 
development of hypertension. Specific treatment remains more controver- 
sial. The use of anticoagulation and thrombolytic agents such as heparin and 
streptokinase have been described, but are associated with significant com- 
plications. Surgical options such as thrombectomy and nephrectomy may be 
required for patients with IVC thrombosis and severe hypertension resistant 
to medications, respectively. 


Renal Artery Thrombosis 


The combination of hypertension and hematuria in a neonate suggest the 
possibility of renal artery thrombosis. Most cases of renal artery throm- 
bosis involve umbilical artery catheterization, with the risk of thrombosis 
approaching 10%. Thrombotic involvement of the aorta may also be present. 
Diagnosis is made by ultrasound examination. 

Management of this condition depends upon the clinical setting. The 
majority of unilateral cases are best managed expectantly. Control of hyper- 
tension is of foremost importance, with antihypertensive medications or 
nephrectomy, if necessary for treatment of resistant cases. The use of throm- 
bolytic therapy has been described but is uncommon (22). The incidence of 
renal artery thrombosis has decreased over time, largely due to more selec- 
tive and cautious use of umbilical artery catheterization. 


Coagulopathies and Thrombocytopenia 


Either gross or microscopic hematuria may be associated with inherited or 
acquired disorders of coagulation, such as hemophilia, von Willebrand’s dis- 
ease, disseminated intravascular coagulation, or thrombocytopenia. In these 
cases, however, hematuria is usually not the presenting complaint, and devel- 
ops only after other manifestations of the disease. 


Arteriovenous Malformations 


Vascular abnormalities such as hemangiomas, angiomyomas, and arteri- 
ovenous malformations of the kidneys and lower urinary tract are rare causes 
of hematuria. Renal arteriovenous malformations are also known to occur 
rarely after renal biopsy. They typically present with gross hematuria with 
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the passage of blood clots. Renal colic may develop if the upper tract is 
involved. Cystoscopy in the setting of active bleeding may help demonstrate 
bleeding from one ureteral orifice, and thus help lateralize the lesion. Diag- 
nosis is confirmed by angiography. 


Nutcracker Syndrome 


Nutcracker syndrome refers to compression of the left renal vein between 
the aorta and the superior mesenteric artery that results in elevation of pres- 
sure in the left renal vein and the subsequent development of collateral veins. 
Hematuria is believed to be caused by minute rupture of these thin-walled 
collateral veins into the calyceal fornix. Spontaneous resolution of hematuria 
can occur in childhood as the degree of renal vein compression improves, 
secondary to physical development and an increase in body mass index (23). 
Renal Doppler ultrasound can provide useful information on blood flow in 
the left renal vein and has been shown to be a useful non-invasive test in the 
diagnosis of nutcracker syndrome in children with hematuria (24). 


HEMATURIA ORIGINATING FROM THE URINARY TRACT 


There are a variety of causes of hematuria originating in the lower urinary 
tract, including infection, obstruction, and malignancies, as well as less well- 
understood entities such as loin-pain hematuria syndrome. 


Idiopathic Hypercalciuria 


Hypercalciuria is a common cause of both gross and microscopic hema- 
turia in children. It is defined as a urinary calcium excretion greater than 
4 mg/kg/day in a well child of any age, or a urine calcium/creatine ratio 
>0.2 in children older than 6 years of age. Most children are asymptomatic, 
although flank pain, dysuria, and urinary frequency on presentation have 
been reported. The pathogenesis of hematuria in the absence of stones is 
not well understood. However, many of these patients have a family history 
of urolithiasis, and a significant percentage of these patients may eventually 
develop stones themselves. 

In a prospective, multi-center study of 215 patients with unexplained iso- 
lated hematuria, 76 patients (35%) overall were found to have hypercalci- 
uria. Compared to patients with normal urinary calcium excretion, children 
with hematuria and hypercalciuria were characterized by male preponder- 
ance, Caucasian race, family history of urolithiasis, gross hematuria, and 
the presence of urine calcium oxalate crystals (25). Oral calcium loading 
tests in this population showed renal hypercalciuria in 26 patients (34%), 
absorptive hypercalciuria in 15 patients (20%), and were non-diagnostic in 
35 patients (46%). Levels of serum parathyroid hormone, bicarbonate, phos- 
phate, and urinary cAMP were similar in the three groups of hypercalciuric 
patients. During the follow up period, 13.3% of patients with hematuria and 
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hypercalciuria developed stones, compared to less than 0.1% of those with 
normal urinary calcium excretion. 

Treatment of hypercalciuria is conservative, and consists of adequate fluid 
intake. Restriction of dietary calcium is not recommended as it may place 
these children at greater risk for bone demineralization. The use of thi- 
azide diuretics to decrease urinary calcium excretion has been described but 
is only recommended for patients with intractable hematuria, a markedly 
increased urinary calcium-to-creatine ratio, and family history of urolithia- 


sis (26). 


Nephrolithiasis 


The true incidence of renal stones among children in unknown. Estimates 
of the prevalence of nephrolithiasis are based on the number of hospital 
admissions related to renal stone and vary from 1 in 1000 to 1 in 7600, 
depending on the geographic region (27). Urinary calculi are found most 
often in Caucasian children and rarely in African American children. Boys 
and girls are affected equally. Symptoms of urolithiasis in children vary with 
age. Urinary tract infections are more common in preschool children with 
stones, while severe pain is encountered more often in adolescents. The find- 
ing of hematuria with urolithiasis, however, is relatively consistent through- 
out childhood, and either microscopic or macroscopic hematuria has been 
reported in 33-90% of children with stones (27). 

As in adults, the study of choice for urinary imaging for detection of 
calculi is helical computed tomography without contrast. Treatment for 
urolithiasis depends on the stone burden. According to guidelines of the 
American Urologic Association, 98% of stones less than 5 mm in size pass 
spontaneously in adults. No comparative guidelines exist for the pediatric 
population. However, in a recent study by Van Savage et al., 55% of chil- 
dren with a distal ureteral stone measuring up to 3 mm passed the stone 
spontaneously. In contrast, stones larger than 4 mm were unlikely to pass 
spontaneously and required some form of surgical intervention (28). After 
passage or removal of the stone, prophylaxis depends on stone composition 
and metabolic abnormalities found on urine and serum studies. 


Bacterial Infection 


Urinary tract infections (UTIs), including pyelopnephritis, cystitis, and 
urethritis, are a common cause of gross or microscopic hematuria in chil- 
dren. UTIs occur in 3-5% of girls and 1% of boys, and are caused mainly 
by colonic bacteria. Hematuria associated with UTIs is typically accompa- 
nied by other symptoms, such as dysuria, frequency, fever, or abdominal 
pain. Urinalysis may reveal pyuria, bacteriuria, urinary nitrites, or leukocyte 
esterase. Suspected infections should be confirmed with a urine culture and 
treated according to bacterial sensitivities. Hematuria resolves as the associ- 
ated inflammation of the urinary tract subsides. 
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Hemorrhagic Cystitis 


Hemorrhagic cystitis is defined as acute or chronic bleeding of the blad- 
der and is often associated with dysuria. Adenovirus, a common respiratory 
virus in children, causes hemorrhagic cystitis. Other etiologies include cer- 
tain chemotherapeutic medications and radiation therapy. This complication 
occurs most often in immunocompromised transplant patients, but it can also 
affect healthy, normal children. 


Obstruction 


Ureteropelvic junction obstruction, often accompanied by hydronephro- 
sis, Occurs more commonly in boys than girls. The precise cause of UPJ 
obstruction remains elusive, but a number of intrinsic and extrinsic etiologies 
have been described. With the almost universal use of prenatal sonography, 
the majority of cases are identified and diagnosed in the perinatal period. 

Beyond the perinatal period, urinary tract infection is the presenting sign 
in 30% of affected children. The older child may also present with episodic 
flank or abdominal pain, and cyclical nausea and vomiting. The sudden 
onset of gross hematuria is seen in approximately 25% of affected children, 
usually after minor abdominal trauma. The cause of hematuria is though 
to be due to disruption and rupture of mucosal vessels in the dilated col- 
lected system. Treatment of the obstruction, with subsequent resolution of 
hydronephrosis, also treats the hematuria. 

Approximately 40% of children with UPJ obstruction also have associ- 
ated vesicoureteral reflux (VUR). VUR can lead to hydronureteronephrosis, 
with secondary trauma to mucosal blood vessels. The etiology of hematuria 
in the setting of VUR is therefore similar to that in UPJ obstruction. As 
above, hematuria resolves with resolution of reflux and the accompanying 
urinary tract dilatation. 


Urethrorrhagia 


Urethrorrhagia typically presents as bloody spotting of the underwear in 
pre-pubertal boys. Approximately one-third of the cases are associated with 
dysuria. It is a self-limiting and benign disorder. Spontaneous resolution of 
symptoms occurs in over 90% of affected children over 2 years (29). Radio- 
logic and laboratory evaluation has limited benefit. Endoscopic evaluation, if 
performed, only reveals bulbar urethral inflammation (Fig. 5.10) (30). Ure- 
thral manipulation in this population is controversial, as it is theorized to 
lead to stricture formation (3/). Management of these patients is therefore 
expectant. Urethrorrhagia that persists beyond 2 years may be due to urethral 
stricture and warrants further evaluation with cystourethroscopy, retrograde 
urethrogram, or uroflometry. 
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Fig. 5.10. Cystoscopy in a patient with urethrorrhagia reveals white membranous exu- 
date at the bulbar urethra. 


Heavy Exercise 


Gross or microscopic hematuria can follow vigorous exercise. The urine 
may be red to black in color and may contain clots. Occasionally, heavy exer- 
cise may also lead to urine discoloration secondary to myoglobinuria. Urine 
culture is negative, renal ultrasound and VCUG are normal, and microscopic 
urinalysis does not reveal any evidence of red blood cell casts. Given the 
above characteristics, the source of bleeding is presumed to be the lower 
urinary tract. This is a benign condition. Hematuria is self-limiting and usu- 
ally resolves within 48 h after cessation of exercise. 


Loin Pain-Hematuria Syndrome 


Loin pain-hematuria syndrome refers to episodes of unilateral or bilateral 
lumbar pain accompanied by microscopic or macroscopic hematuria. It is 
a diagnosis of exclusion, with an unclear etiology. Several authors consider 
this to be a psychopathologic disturbance, with similarities to Munchhausen 
syndrome by proxy. 


EVALUATION 


The basic evaluation of any child with hematuria begins with a detailed 
history and physical examination and may involve laboratory studies, radi- 
ologic studies, and tissue biopsies, depending on the presentation and asso- 
ciated symptoms. The evaluation of macroscopic or gross hematuria differs 
significantly from that of microscopic hematuria (Tables 5.5 and 5.6). As 
discussed previously, standard laboratory and imaging studies are of low 
yield and thus unnecessary in the setting of transient isolated microscopic 
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Table 5.5 


Algorithm for management of microscopic hematuria 


Microscopic hematuria (25 
RBC/hpf) 


History & Physical exam 


Isolated microhematuria Microhematuria with proteinuria 
Transient Persistent Ucx, Urine pr/Cr, Serum 
Cr 
No further Ucx, Uca/Cr, 
work-up Serum Cr, s Cr. Protei 
Parental UA eum t totem Normal serum Cr, Protein 
>4mg/m?/hr or UPr/Cr <4mg/m?/hr or Upr/Cr 
>02 <0.2 
Referral to 
Pediatric Referral 
Nephrology eran to: Follow as isolated 
Pediatire microhematuria 
Nephrology 
Table 5.6 
Algorithm for management of macroscopic hematuria 
Macroscopic hematuria 
History & Physical exam 
Glomerular bleeding Lower urinary tract bleeding Trauma Unknown etiology 
CBC, Electrolytes, Ucx, Uca/Cr, Renal- . p 2 Y > 
BUN, Cr, C3, CA, bladder US UA, CT scan, Supportive Eere Arenal 
i j ; ria care for > Hg! 
Al humi Aso titer, Ba al perineal e ectrophoresis, Renal 
i irritation bladder US or CT scan 
Cystoscopy if unable 
to elucidate etiology 
Referral to 
Nenia Cystoscopy if unable 


to elucidate etiology 


hematuria, as most diagnoses in this category are benign. Children with 
persistent isolated microhematuria should be evaluated with a urine Ca/Cr 
ratio, parental urinalysis and Hgb electrophoresis, renal function tests, and 
possible renal-bladder ultrasound. If hematuria persists, they should be fol- 
lowed annually with renal function studies and blood pressure measurements 
to ensure that they do not develop hypertension or significant proteinuria. 
Extensive diagnostic evaluation should be reserved for children with gross 


hematuria, or microscopic hematuria with significant proteinuria or hyper- 
tension (32). 
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History 


A detailed history of the patient’s concurrent symptoms is key in identify- 
ing the etiology of hematuria (Table 5.7). Ascertaining whether pain accom- 
panies hematuria is important; the presence of pain is uncharacteristic of 
glomerular diseases, and more suggestive of an infectious or obstructive pro- 
cess. The presence of irritative voiding symptoms with abdominal or flank 
pain suggests the possibility of a urinary tract infection or nephrolithiasis. 


Table 5.7 
History and physical examination findings 


History 

Abdominal, suprapubic, or costovertebral angle pain 

Joint or muscle pain 

Irritative voiding symptoms 

Sore throat or skin infection 

Systemic complaints — fever, nausea, vomiting, rash, 
arthralgia, cough, hemoptysis 

Medications 

Trauma 

Exercise 

Menstruation 

Travel history 


Family history 

Hematuria 

Deafness 

Hypertension 

Cystic kidney disease 
Hemodialysis 

Renal transplant 

Coagulopathy or thrombocytopenia 
Calculi 


Physical examination 


History 

Edema 

Nephromegaly 

Costovertebral angle tenderness 

Vertebral, anal and neurocutaneous abnormalities 
associated with malformation syndromes 

External appearance of genitalia 

Hypertension 

Appearance of voided urine 

Timing of hematuria in the urinary stream 
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Clues to glomerular disease include recent pharyngitis or streptococcal skin 
infections. Renal insufficiency should be suspected with reports of short- 
ness of breath, edema, or weight gain from fluid retention. Symptoms of a 
systemic illness, such as rash, arthralgias, diarrhea, and hematochezia, can 
signal a vasculitis such as HSP, or a systemic illness such as SLE. Hemopt- 
ysis and cough may be seen in pulmonary-renal syndromes, such as Good- 
pasture’s disease and Wegener’s granulomatosis. The timing of hematuria, 
whether initial, constant, or terminal, may also help distinguish the site of 
bleeding in the urinary tract. 

A variety of drugs and toxins can cause hematuria, hemoglobinuria, and 
rarely pigmenturia, and a medication history is, therefore, an important com- 
ponent of any comprehensive evaluation. Other pertinent personal medical 
history includes recent trauma, predisposing hematologic disorders, recent 
travel to tuberculosis or parasite-endemic areas, as well as the possibility of 
physical abuse. 

A careful family history must also be obtained, with questions about 
hematuria, hearing loss, hypertension, nephrolithiasis, renal diseases, 
hemophilia, sickle cell disease, and dialysis or transplant. Answers to these 
questions can help identify patients at risk for Alport’s syndrome, thin 
glomerular basement membrane disease, polycystic kidney disease, and 
hypercalciuria with or without urolithiasis. 


Physical Examination 


The physical examination should include assessment of height, weight 
and growth, to evaluate for chronic renal disease. General physical 
exam findings, such as pallor, fever, skin rashes, and musculoskeletal 
abnormalities are indicative of systemic diseases such as HSP and SLE. 
Edema is an important physical feature of nephrotic syndrome. 

Malformation syndromes and genetic conditions associated with renal 
disease, such as VATER syndrome, tuberous sclerosis, and von Hippel Lin- 
dau disease, can present with a variety of physical findings, including ver- 
tebral, anal, and neurocutaneous abnormalities, and these entities can often 
be diagnosed based on physical findings alone. A thorough abdominal exam 
can assess for flank and abdominal tenderness, as well as abdominal masses 
due to tumor, hydronephrosis, or cystic renal disease. The presence of fever 
in the setting of costovertebral angle tenderness suggests an infectious pro- 
cess such as pyelonephritis. The genitalia should also be inspected for any 
signs of lacerations or bruising, caused either by accidents or abuse. 

Blood pressure measurements should be performed to assess for hyper- 
tension, which can, in turn, be indicative of glomerulonephritis or renal 
insufficiency. In cases of severe hypertension, visual changes, epistaxis, and 
heart failure may be adjunct findings. The presence of hypertension is cer- 
tainly an indication for a more rigorous evaluation of the underlying etiology 
of hematuria. 


122 Mehta, Faizan, and Caldamone 


Physical appearance of the voided urine sample can provide further clues 
as to the possible source of hematuria. Macroscopic hematuria of glomeru- 
lar origin is commonly brown, tea-colored, or cola-colored, whereas gross 
hematuria from the lower urinary tract is usually pink or red. 


Laboratory Testing 


The laboratory evaluation begins with a urinalysis and urine culture, to 
rule out the possibility of a urinary tract infection. Proteinuria and red blood 
cell casts are markers of glomerular disease and initial urinalysis should 
include urine microscopy to determine the presence of RBC casts. Protein- 
uria is best assessed with a 24-h urine collection or with a first morning urine 
protein/creatinine ratio, in order to eliminate the possibility of orthostatic 
proteinuria. Urine protein excretion <4 g/m7/hr, or urine protein/creatinine 
ratio <0.5 in children below 2 years of age and <0.2 in children above 2 
years of age, suggests normal protein excretion. The presence of proteinuria 
in excess of these values necessitates further evaluation. Nephrotic range 
proteinuria is defined as urine protein >40 g/m7/hr or protein/Cr ratio >3. 

The work-up of glomerular causes of hematuria consists of a complete 
blood count, serum C3 and C4 concentration, serum BUN, creatinine, and 
potassium levels. In the appropriate clinical setting, evaluation for recent 
streptococcal infection, either with a throat culture or ASO titers is also indi- 
cated. If nephrotic syndrome is suspected, based on degree of proteinuria or 
edema, serum albumin should also be measured. Systemic illnesses, such as 
SLE as well as various vasculitides can, when present, be the sole etiology 
of hematuria. Children with signs and symptoms suggestive of a systemic 
vasculitis and with a family history significant for such illnesses should be 
additionally screened with ANA, pANCA, cANCA, dsDNA, and anti-GBM 
titers. 

All children with hematuria should undergo hematologic studies to elim- 
inate the possibility of underlying disorders such as sickle cell nephropa- 
thy, coagulopathy, or thrombocytopenia if history or physical examination 
is suggestive. Hypercalciuria, with or without nephrolithiasis, is a com- 
mon etiology that should also be investigated in all children with hematuria, 
either with a 24-h urine calcium or a spot urine calcium/creatinine (Ca/Cr) 
ratio. Significant hypercalciuria, defined as 24-h urinary calcium excretion 
>4 mg/kg, or a Ca/Cr ratio >0.2, is an indication for radiologic evaluation 
for stone disease. 


Radiologic Testing 


Ultrasound and computed tomography remain the most commonly used 
imaging modalities in the work-up of hematuria in children. Macroscopic 
hematuria in the absence of significant proteinuria or red blood cell casts 
is an indication for a renal-bladder ultrasound to exclude malignancy or 
cystic kidney disease. Ultrasound is also indicated for the evaluation of 
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hydronephrosis, secondary to UPJ obstruction or vesicoureteral reflux, as 
a possible cause of hematuria. Vascular causes of hematuria, such as throm- 
bosis of the renal artery and vein, or the nutcracker syndrome, are best eval- 
uated by renal Doppler ultrasound. 

While ultrasound and abdominal X-rays are used in the work-up of stone 
disease, non-contrast CT scan remains the gold standard for the detection 
and most accurate size estimate of renal and ureteral calculi. As previously 
discussed, CT imaging with and without contrast enhancement also plays a 
central role in the evaluation of gross or microscopic hematuria secondary 
to trauma. 

Radiologic testing is not routinely recommended for the evaluation of 
glomerular causes of hematuria, but diminishing renal function in the set- 
ting of glomerular disease should be evaluated by imaging to rule out any 
additional abnormalities. 


Biopsy 

Renal biopsy is the only definitive means of diagnosing and distinguish- 
ing between glomerular causes of hematuria, with the exception of acute 
post-streptococcal glomerulonephritis (PSGN), which can often be diag- 
nosed on the basis of history and symptom course alone. However, renal 
biopsy should be performed for PSGN if gross hematuria, proteinuria, 
hypocomplementemia, and diminished renal function do not spontaneously 
improve within 2 months after onset or in the face of a rapidly rising creati- 
nine to rule out crescentic glomerulonephrits. Persistent or worsening hyper- 
tension in the setting of microscopic or macroscopic hematuria can be a sign 
of progressive renal damage, requiring further evaluation by renal biopsy. 
Although not indicated, parental anxiety may also drive the performance of 
a renal biopsy for children with persistent isolated microhematuria. 


Cystoscopy 


The yield of cystoscopy is the evaluation of hematuria in children is low. 
Furthermore, because of the invasive nature of this test, and the need for 
general anesthesia in many pediatric patients, cystoscopic evaluation is not 
routinely recommended. If a complete work-up including laboratory analy- 
sis and radiologic testing has yielded minimal or conflicting data as to the 
etiology of hematuria, cystoscopy is advised to rule out bladder pathology. 
Naturally, cystoscopy is also indicated when imaging studies raise the pos- 
sibility of a bladder mass, albeit rare in the pediatric population. 

Occasionally, hematuria may be result of urethral trauma or bladder outlet 
obstruction secondary to posterior urethral valves, and cystoscopy may help 
differentiate between these possibilities. Cystoscopy may also be used to 
lateralize bleeding from the upper tract, but its utility is limited to episodes 
of active bleeding. 
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Referral 


Referral to a urologist is indicated when the work-up is suggestive of 
an anatomic abnormality, tumor, calculus, or recurrent macroscopic hema- 
turia of undetermined origin. Urologic referral is also required in cases of 
trauma to the genitourinary tract. In contrast, the presence of hematuria in 
association with hypertension, proteinuria, hypocomplementemia, systemic 
disease, or a family history of glomerulonephritis or renal disease almost 
always warrants referral to a nephrologist rather than a urologist. 
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6 Office Procedures 


Patrick C. Cartwright and M. Chad Wallis 


Abstract The performance of minor procedures in a pediatric urology office setting 
can be attractive to families and provide high-quality outcomes in a cost-effective 
manner. An optimal office environment and supportive approach with the family and 
child are crucial to success. Procedures including standard newborn circumcision, 
sutured circumcision, catheterization, the teaching of intermittent catheterization, 
urethral meatotomy, lysis of penile or labial adhesions, placement of suprapubic 
catheter, and the manipulation of various stents and catheters may all be accom- 
plished very appropriately in an office setting. Having the office fully prepared for 
such procedures and providing pre-emptive explanations and care handouts to the 
patient and the family are the key. 


Keywords Pediatric urology - Office procedures - Circumcision - Meatotomy - 
Urethral catheterization 


INTRODUCTION 


The ability to perform office procedures in the pediatric population main- 
tains an appeal to both parents and physicians for a variety of reasons. It 
generally allows the parents to be present during the procedure, which can 
be helpful in providing comfort to the patient. A high level of satisfaction 
has been demonstrated among parents who elect to have procedures done 
in the office setting (/). It frees up operating room time which comes at a 
premium in most practices. Finally, it is more cost effective and eliminates 
the risk of general anesthesia. 

As with all surgical procedures, patient selection is an important com- 
ponent of the process when deciding whether to perform a procedure in 
the office or in a more acute setting such as in the operating room or an 
anesthesia satellite clinic using either general anesthesia or some form of 
sedation. Newborns and infants with no significant co-morbidities are good 
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candidates. Toddlers and school-age children usually require more physician 
discretion. Observing the patient during the initial examination is an impor- 
tant part of patient selection. We have found that patients who lay still and 
are comfortable with being examined typically do very well for those proce- 
dures that require only a topical anesthetic. Those patients who are unable to 
remain still for an examination or have a significant amount of anxiety may 
be better candidates to have the procedure performed with some sedation or 
under general anesthesia. We have found that hospital-based sedation areas 
have been an excellent setting for these patients. 


THE PEDIATRIC UROLOGY OFFICE 


The surroundings in a medical office should serve to make children and 
their parents comfortable. Distractions such as books, toys, and puzzles can 
help keep children at ease and help reduce anxiety levels. Having one room 
that is dedicated for procedures is often ideal so that it does not slow down 
the flow of other patients. This room should have adequate lighting and be 
large enough to accommodate parents and office staff needed to assist with 
making the child comfortable during the procedure. A basic tray of surgi- 
cal instruments will take care of the most commonly performed office pro- 
cedures. This should include a needle driver, scissors, fine hemostats and 
forceps, and a knife handle. A papoose board is also important for helping 
restrain infants during procedures. For infants that are too large for a papoose 
board, a sandbag may be placed over the legs to keep them still during the 
procedure. 


PAIN/ANXIETY MANAGEMENT 


Evidence of increased sensitivity to pain in neonates compared to older 
children and adults should put to rest the notion that infants do not feel 
pain (2). The American Academy of Pediatrics has indicated that all boys 
who undergo neonatal circumcision should be given appropriate analge- 
sia (3). Consideration should be given to appropriate pain management in 
all children and infants who undergo any type of procedure in the office 
setting. 

Procedures on the penis are the most common in a pediatric urology 
office. Patients undergoing circumcision in the office setting will generally 
do best with an injectable local anesthetic. A recent Cochrane review of pain 
management during circumcision identified the dorsal penile nerve block 
(DPNB) as the most effective intervention for pain management during 
neonatal circumcisions (4). The dorsal nerves of the penis are terminal 
branches of the pudendal nerve and innervate all but the most proximal 
part of the penis. The subpubic approach is generally considered the safest 
approach to these nerves. As the blood supply to the penis comes from 
terminal arteries, some of which run alongside the dorsal nerves, use of 
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epinephrine containing local anesthetics is contraindicated when performing 
a DPNB. We typically will perform a DPNB as well as a ring block at 
the base of the penis and have found this to be very effective. Both lido- 
caine and bupivacaine are the most commonly used local anesthetics. The 
dosage of lidocaine should not exceed 5 mg/kg and a dosage of bupiva- 
caine should not exceed 2.5 mg/kg. We tend to use a mixture of 0.25% bupi- 
vacaine and 0.5% lidocaine to provide effective short-term and long-term 
analgesia. 

As indicated previously, proper patient selection is important to ensure 
satisfied parents and patients. Toddlers and older children who are deemed 
to be good candidates for an office procedure will typically do best if injec- 
tions are avoided and a topical anesthetic alone is used. A eutectic mixture 
of topical anesthetics (EMLA; lidocaine and prilocaine) has been very suc- 
cessful in our practice for minor procedures such as lysis of penile adhesions 
and meatotomy in this patient population (5). The EMLA cream is placed on 
the penis and secured with an occlusive dressing (Tegaderm). The patient’s 
parents should be informed that application of the EMLA cream requires 
a l-h waiting period for optimal analgesic effect. This will allow them to 
bring their own games and activities from home to occupy the child’s time 
as well as their own during the waiting period. We find that many families 
choose to bring in DVD players to watch movies during this time. Once the 
appropriate time has elapsed, the occlusive dressing can be removed and the 
EMLA cream wiped off. The analgesia typically lasts for 1-2 h after the 
cream is removed. These topical creams are associated with few complica- 
tions and are well tolerated in the vast majority of patients. The prilocaine 
component of the EMLA cream poses a small but documented risk of methe- 
moglobinemia. Infants younger than 3 months of age are at higher risk for 
this uncommon event because they have lower levels of Met-Hgb reductase 
than older children and adults (6). 

If significant anxiety is anticipated from a particular patient or due to the 
nature of a procedure, oral sedation (usually midazolam) can be achieved in 
the office if appropriate resuscitation equipment is available. In our practice 
we choose to do intravenous sedation (usually propofol) in a hospital-based 
sedation area. 

Patient and parent positioning can also be helpful in providing comfort 
and distraction to ease the anxiety of a potentially painful procedure. For the 
vast majority of procedures, the supine position is most appropriate. In girls, 
placing the heels together with the knees bent and then allowing the legs to 
fall down laterally in a frog-leg position facilitates access to the introitus. 
We find it helpful to have the child hold a book on his or her abdomen as a 
pseudo “ether screen.” If a parent or caregiver sits at the head of the bed they 
can read to the patient and point out pictures in the book. This serves as a 
distraction to prevent the child from becoming preoccupied with the proce- 
dure and to give the child something to hold, thus preventing contamination 
of the surgical field (Fig. 6.1). 
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Fig. 6.1. Patient positioning. With a parent positioned at the head of the bed, a colorful 
book can be used to help distract a child, keep their hands occupied and block their view 
of the procedure to reduce anxiety. 


PENILE PROCEDURES 


Circumcision 


Neonatal circumcisions are typically performed in the first 1-2 weeks of 
life. Depending on the community they are performed by either pediatri- 
cians or obstetricians. Patients referred to a pediatric urology practice often 
have an abnormality of the penis that made the primary physician uncom- 
fortable with performing a neonatal circumcision. Other patients may have 
had the circumcision delayed for any number of reasons to the point that the 
child is beyond the age at which the primary physician is willing to perform 
an office circumcision. Jayanthi et al. demonstrated that an office circumci- 
sion can even be performed in children over 3 months of age in a pediatric 
urology office setting (7). They also demonstrated significant cost reduction 
for both the patients and the healthcare system by performing these proce- 
dures in the office as opposed to doing them in the operating room. In addi- 
tion, this may help free up valuable operating room time for the practicing 
urologist. 

There are a variety of techniques for performing a neonatal circumcision. 
The Gomco clamp and Plastibell are perhaps the most commonly used tech- 
niques. A Mogen clamp may also be used. Alternatively we have found that a 
free-hand circumcision can be performed in the office setting without much 
difficulty. The free-hand technique is often helpful for patients who have 
been referred because they have an incomplete foreskin and therefore are 
not amenable to having a circumcision performed by one of the other tech- 
niques. All these techniques have potential for complications. Ultimately the 
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physician must be responsible for choosing the technique with which he or 
she feels most comfortable and has the greatest amount of experience. 

Contraindications to performing a circumcision in the office would 
include any urethral abnormalities such as hypospadias, epispadias, or 
megaurethra as well as any abnormalities of the corpora such as penile 
curvature and significant penile torsion. Patients with large hydroceles or 
hernias are more likely to have complications with secondary phimosis or 
a concealed penis. In addition, performing a neonatal circumcision on a 
patient with penoscrotal webbing may also lead to a concealed or even 
entrapped penis. 

The Gomco, Plastibell, and Mogen clamp devices all rely on compression 
for hemostasis. The most common problem in the immediate post-procedure 
period is bleeding. In patients who have undergone a Plastibell circumcision 
the Plastibell must be removed in order to identify the area of bleeding and 
in order to apply direct pressure. Once this has been done, the bleeding is 
typically easily controlled with suture ligation. Removal of the Plastibell 
generally requires suturing of the entire circumference of the penile skin 
when it occurs relatively soon after the procedure is performed. Direct pres- 
sure may be used to control bleeding following a circumcision by any of the 
other techniques. In addition, some have used surgical cellulose (Surgicel), 
topical thrombin, and dilute epinephrine-soaked sponges. The adjunct to 
these is a modestly compressive bandage; an inner layer of Telfa wrapped 
with Coban or Conform is generally adequate. If these are ineffective, then 
identification of the bleeding vessel and suture ligation is necessary. Other 
complications include infection, penile adhesions, secondary phimosis, and 
meatal stenosis. More dramatic complications such as glans amputation or 
penile necrosis are rare. Complication rates vary from 0.2-3% for neonatal 
circumcision (8). 


Penile Adhesions 


Penile adhesions may be either physiologic or pathologic. Generally these 
adhesions occur between the glans and the inner preputial skin when this 
has not been taken down appropriately. When the foreskin is retracted, if 
the edges of these adhesions are thin, then a steroid cream can be utilized 
to help promote lysis with a good success rate. Betamethasone 0.05% is the 
most commonly used steroid agent for physiologic adhesions. The skin is 
retracted and the cream is applied to the adhesions 2-3 times a day for a 
period of 3-5 weeks with success rates of 67-95% (9). If, however, there 
are dense adhesions and the skin is actually fused to the glans, these will not 
respond to steroid treatment and require surgical lysis. 

Lysis can be performed in the office using EMLA, which is applied to 
the penis followed by an occlusive dressing as indicated previously. Placing 
some of the EMLA cream beneath the skin bridge can be achieved using 
a small syringe and a 22 IV plastic cannula (no needle). After leaving the 
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EMLA cream in place for over 60 min the dressing should be removed and 
the cream wiped off. The skin bridge is prepped in a sterile fashion and 
then a hemostat can be applied across the bridge to provide hemostasis. The 
hemostat is removed and the skin bridge can be incised. Generally no sutures 
are needed. If there are extensive adhesions, use of some fine absorbable 
sutures may be necessary. A petroleum-based ointment, such as Vaseline, 
should then be applied 2-3 times per day for at least 2 weeks to prevent 
reattachment. 


Meatotomy 


Meatotomy for correction of meatal stenosis is perhaps the most com- 
monly performed pediatric urology office procedure. This procedure is also 
well suited to analgesia with EMLA cream. After applying the cream and 
waiting the requisite 1-h time period, the penis is wiped free of EMLA. The 
skin is then prepped and the ventral skin overlying the meatus is crushed 
with a straight hemostat. Curved Iris scissors can then be used to incise the 
stenotic portion of the meatus. When done properly, there is typically no 
bleeding and no need for suturing. We then find it helpful to demonstrate for 
the parents how to apply Vaseline ointment within the meatus to prevent the 
edges from healing back together, causing recurrence of the stenosis. The 
parents are instructed to apply this regularly for several weeks. 

Morbidity from this procedure is minimal. There is typically mild dysuria 
for the first 24-48 h following the procedure. This may result in volun- 
tary urinary retention in smaller children that is best managed with con- 
tinued observation and warm sitz baths. There may also be some erythema 
and induration of the meatus; however, this typically subsides within a few 
days. 


Paraphimosis 


Boys will occasionally present to the office with paraphimosis due either 
to manipulation from medical personnel, or occasionally from self-retraction 
of the foreskin without knowing that it must be pushed back distally again 
after retraction. If the duration of paraphimosis is relatively short and the 
edema of the foreskin minimal, this can be gently reduced in the office with- 
out much difficulty. The technique is similar to adults where thumbs push 
the glans proximally as the index and middle fingers of each hand simulta- 
neously draw the swollen prepuce distally. It will often take 2-3 min of gen- 
tle pressure until the foreskin slides back into normal position. If the patient 
is unable to tolerate this then either oral or IV sedation will be required. 
Particularly tight and edematous paraphimosis may require deep sedation 
or even general anesthesia for management. Once reduced, the amount of 
edema in the foreskin can be rather dramatic but resolves promptly. 
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PROCEDURES ON THE FEMALE GENITALIA 


Lysis of Labial Adhesions 


Labial adhesions occur in approximately 1-3% of prepubertal girls. This 
most commonly occurs between 1 and 2 years of age (/0). Although the 
exact etiology is unknown, it may be related to lower estrogen levels 
in prepubertal children. Edges of the labia minora may become denuded 
due to local irritation. Contact between the edges would then cause re- 
epithelialization and fusion in the mid-line. Children are typically asymp- 
tomatic but may have vaginal irritation, urinary tract infections, dysuria, or 
even post-void dribbling due to vaginal reflux of urine. 

Treatment is typically performed locally with topical application of con- 
jugated estrogen (Premarin) cream. This can be applied to the area of the 
adhesions with a cotton swab twice per day for up to 2 weeks. We prefer 
not to treat the adhesions for longer than this. Even during a short course of 
2 weeks, side effects of breast budding and labial engorgement may occur. 
These typically resolve when the cream is discontinued. Myers et al. recently 
reported the use of betamethasone 0.05% cream with similar success rates to 
those of estrogen cream and without any hormone-related side effects (//). 
If symptoms persist and topical estrogen therapy or use of betamethasone 
is not effective, then surgical lysis of the adhesions is performed. We have 
used EMLA cream as a topical anesthetic under an occlusive dressing and 
found that this allows for modest (usually not complete) local anesthesia. 
The adhesion is then easily separated with either a cotton swab or sterile 
probe. Thicker adhesions may require a hemostat to spread the adhesion. 
Postoperatively we have applied Vaseline to the area 2-3 times per day for 
2-3 weeks to allow for healing without re-epithelialization and fusion. 


Prolapsing Ureterocele/Imperforate Hymen 


On rare occasion, a young girl will present to the office with an acute 
onset introital mass. There are key circumstances in which a small proce- 
dure may be considered in the office. First, in the case of prolapsing urete- 
rocele, this will often serve an obstructed and infected upper pole ureter. If 
a suspicious mass is seen coming from the urethra, ureterocele should be 
suspected. Ureteroceles will be visualized only intermittently at the introitus 
as they prolapse. When it is visible a small suture may be placed into it, thus 
keeping it out until incision can be accomplished. The small incision may 
then be made in the ureterocele wall to drain infected urine. This will allow 
the ureterocele to collapse and it can then be allowed to retract. Optimally, 
once the ureterocele is visualized and secured, an ultrasound is obtained 
before incision is completed. This gives maximal anatomic definition before 
drainage. 

The other situation similar (but not intermittent) to this will be imperfo- 
rate hymen with bulging intravaginal fluid behind this or hydrometrocolpos 
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from another anatomic problem such as a duplex vagina with obstruction. 
In these circumstances, ultrasound is again first obtained but then office 
drainage with simple incision may be appropriate. 


MISCELLANEOUS PROCEDURES 


Urethral Catheterization 


Avoiding catheterization in children whenever possible is best, but at 
times will be necessary. Most commonly, this will be performed to obtain 
a sterile sample for culture. While the majority of catheterizations will 
be simple, challenging patients or circumstances may require alternative 
approaches to be successful. 

A key with any child is preparing them as best as possible for what is to 
come. A very simple explanation is the starting point, always assuring them 
that you will listen to anything they want to tell you. Explain that you will 
be soft but that they will feel the tube passing through the urethra, that it 
will be an uncomfortable sensation, and they may have an urge to void. As 
the catheter is being passed, continual reassurance with direct eye contact 
(especially in infant and young children) and listening will let them know 
that you are plugged into their feelings; this will go a long way. 

The supine position is simplest. Topical Betadine prep and a non-latex 
straight urethral catheter are most appropriate when obtaining a sample for 
culture. Water-soluble lubricant on the tip of the catheter is often enough to 
avoid any friction in the urethra during passage. For children less than six 
months of age, it is appropriate to try an 8-Fr catheter. This may prove too 
large (especially in premature boys) and switching to a 5-Fr feeding tube 
may be best. With older children, it is best to have a parent hold their child’s 
shoulders and arms gently while reassuring the child face to face during the 
procedure. A second assistant may need to hold legs; this is best done with 
the assistant positioned at the foot of the bed reaching up and securing the 
legs mid-way between knee and hip so that the hold is secure. Even young 
children can be a challenge to restrain and some strength from the foot-side 
assistant is needed. 

For girls, the simplest technique for catheter passage is separation of the 
labia with the fingers of one hand for direct visualization of the meatus and 
placement of the catheter with the other hand. The meatus can be quite small 
and hidden by redundant tissue just anterior to the vaginal introitus. Once the 
catheter enters the urethra it should be advanced slowly and gently; within 
3 cm the tip of the catheter has entered the bladder. If the catheter is to be 
retained for a VCUG or other study, it can be passed approximately 8 cm and 
then secured just outside the labia with tape. The most common catheteriza- 
tion challenge in girls is a urethral meatus which faces slightly posteriorly 
or is just inside the introitus and cannot be visualized easily. In this circum- 
stance, the hand used to separate the labia may be drawn anteriorly once 
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the labia are separated; this tends to roll the urethra and surrounding tissues 
slightly upward and into view. 

If the meatus still cannot be visualized, certain adjuncts may help with 
catheter placement. With each of these approaches, the tip of the catheter 
should be kept in the exact mid-line and directed anteriorly as it slips just 
under the anterior edge of the vagina. Even if the meatus can not be visu- 
alized, the engagement of the catheter tip can be clearly felt. First, using a 
straight catheter, the angle of approach can be adjusted such that the catheter 
tip advances more anteriorly rather than straight in. This requires placing the 
hand that is advancing the catheter more posteriorly (against the table), thus 
allowing the tip to be directed anteriorly. If this is unsuccessful, a coudé tip 
catheter (8 Fr or larger) may be used with the bend facing anteriorly. Finally, 
a feeding tube or straight catheter may be adjusted to a variable bend by 
using a small lacrimal duct probe placed into the distal eyelet of the catheter 
and bent to the desired angle. Once the tip of the catheter has entered the 
meatus the catheter is advanced forward off the lacrimal duct probe to com- 
plete passage into the bladder (Fig. 6.2). 


Fig. 6.2. Urethral catheterization. A lacrimal duct probe (a) can be useful in catheter- 
izing girls to create a small bend in the tip of the catheter (b). Using 22-guage stainless 
steel wire (c), a stylet can be created for catheters as small as 8 Fr (d) to aid in catheter- 
izing boys. 
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Different challenges in catheterization are encountered in boys. If 
circumcised, simple catheterization with a lubricated straight catheter is 
appropriate. Resistance may be encountered at the external sphincter and this 
is best managed with mild pressure of the catheter tip against the sphincter 
for a short period until the muscle fatigues and the catheter passes. For most 
boys under one year of age, it will be 8-10 cm from the urethral meatus until 
the tip of the catheter has passed into the bladder. 

Male urinary tract abnormalities may require added measures for 
catheterization. With unrepaired hypospadias, the urethral meatus will be at 
some location along the ventrum of the penis. If catheterization is required, 
looking for the most proximal opening along the shaft is key. Distal to the 
true hypospadiac meatus there may be urethral pits or other meatus-like 
structures which can be confusing. Always select the most proximal of the 
openings to find the actual urethral channel. If the catheter is only passing 
1-2 cm in these circumstances, then it is likely that the tip has entered a 
secondary urethral pit and not the true lumen. Additionally, it can clearly be 
difficult to catheterize a patient with a prior hypospadias repair. If there is 
stricture or stenosis of the repair, this is likely to require surgical revision. 
More commonly, the catheter will enter the repaired segment of the urethra 
and not advance easily due to irregularity or redundancy of the lumen. The 
best approach for these patients is to use the off hand to compress the urethra 
around the catheter tip (a coudé tip may be helpful) so that it hugs the dorsal 
aspect of the urethra (against the corpora) while passage is attempted. This 
often guides the tip of the catheter through the smoothest part of the repair 
and into the normal proximal urethra. 

Other male urethral catheterization challenges may be encountered. False 
passages in the bulbar urethra arise in boys on intermittent catheterization 
or even following a single traumatic catheterization. A coudé tip catheter is 
generally the best approach in this circumstance with the tip again directed 
anteriorly (toward the corpora cavernosa). Perineal pressure may be required 
under the inferior arch of the pubis to direct the catheter anteriorly rather 
than the tip finding its way into the usual posterior false passage. Patients 
with a posterior urethral valve may also present a special catheterization 
challenge. At diagnosis, most patients with a valve can be catheterized in 
a retrograde fashion as the valve easily pushes aside. However, once past 
the valve and into the prostatic urethra, the tip of the catheter will often not 
easily traverse the bladder neck. This is secondary to a capacious prostatic 
fossa and prominent bladder neck associated with the obstruction. This is 
similar to a post-TURP prostatic fossa in an adult. In these patients, the first 
thing to try is a coudé tipped catheter directed anteriorly. Next, a catheter can 
be passed while the little finger is placed in the rectum and the prostatic fossa 
is compressed anteriorly. The final adjunct, which should be used cautiously, 
is to place a lubricated 22-G stainless steel wire (used mostly for sternal 
closures) within the lumen of the catheter and use it as a catheter stylet. 
This will allow for variable bending of the tip and often allow passage over 
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the bladder neck. As with any catheter on a stylet, once in the bladder the 
catheter is advanced off the stylet carefully. This stylet approach may be 
used with either a straight or Foley catheter. The 22-G stainless steel wire 
works as a make-shift stylet with catheters down to 8 Fr size (Fig. 6.2). 

Yet another challenge in catheterization is the boy with non-retractile 
foreskin. The penis may be prepped externally and a small catheter placed 
through the preputial aperture with thumb and finger of the off hand hold- 
ing the glans. The catheter can be steered to the mid-line and often, even 
without visualization, will pass into the meatus. In this scenario, only the 
outer prepuce is prepped, and obtaining a sterile sample is not possible. If 
sterile urine is needed, then placing Betadine under the preputial aperture by 
instilling a small amount through a 22-G IV cannula (no needle), which has 
been placed into this space between prepuce and glans is needed. This will 
provide some degree of inner preputial prep and catheterization can then be 
carried out. Otherwise, suprapubic aspiration will be required to obtain a 
specimen adequate for culture. 

Anytime a challenging catheterization is anticipated, it is wise to first 
place 5 ml of 2% lidocaine gel within the urethra. In older boys this can be 
done with the standard dispenser tip on the lidocaine gel syringe. However, 
for a younger boy, the tip is too large; a useful maneuver is to squirt the 
lidocaine gel into a 5 or 10 ml syringe and then place a 20- or 22-G IV 
canula (no needle) on the syringe. This canula can then be inserted into 
the meatus and the lidocaine gel instilled. Leaving the gel in place for at 
least 5 min before passing the catheter is best. In the particularly challenging 
patient, it may be appropriate to use oral sedation (usually midazolam) prior 
to catheterization. The other adjunct is to take the patient to a radiographic 
suite where retrograde urethral contrast (or contrast mixed with lidocaine 
gel) injection may help find the problem area and then allow visualization 
of the catheter tip in real time during passage. The final consideration in 
catheterizing children with complex anomalies is to use oral prophylactic 
antibiotics given within an hour before catheterization. 

In boys following a hypospadias repair or occasionally in other condi- 
tions, only meatal dilation or calibration is required and not full urethral 
catheterization. This can be done with a lubricated tip from a regular catheter 
and the parents can be taught to do this at home. Alternatively, small tubes 
of ophthalmic ointment (such as Lacri-Lube) have an appropriately small 
metal tip which is approximately 6 Fr distally and 8 Fr proximally; and is 
about 1 cm in length. The ophthalmic ointment can be used as the lubricant 
and this metal tip then becomes an ideal home dilator for parents to use in 
case of meatal narrowing. 


Teaching Clean Intermittent Catheterization 


Many children with neurogenic bladder will require clean intermittent 
catheterization. This is best taught in the office setting with an experienced 
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clinician or nurse. At least 45 min should be set aside for appropriate 
education of child and parent and the technique can then be taught to as 
many family members as possible so all can assist with catheterization. 

Generally, parents will learn to catheterize first after the physician or 
nurse demonstrates the technique. Once the parent is comfortable with this 
then the child may be taught, as desired. The crucial elements in teach- 
ing involve clean technique (including management of catheters, washing 
of hands, topical antiseptic before catheterization), locating the meatus (a 
mirror may help), and positioning for the catheterization with appropriate 
collection and drainage of urine without soiling the patient. 

Catheterizing in a supine position may be simplest for some patients 
but this may also be a difficult position to get into in many settings. 
Working with children sitting on the toilet to both identify the urethra and 
be in a stable upper body position where they can reproducibly catheterize 
requires experienced nurses, physical therapists, and occupational therapists 
to achieve. Ideally, a multidisciplinary catheterization clinic associated with 
a pediatric hospital can assist in this process. 


Suprapubic Access to the Bladder 


In neonates with a febrile illness where urinary tract infection is sus- 
pected, suprapubic aspiration may be the most appropriate way to acquire 
urine. Certainly this is the method that is least prone to contamination. As 
previously mentioned, uncircumcised boys may require suprapubic aspira- 
tion to obtain a sterile sample for culture. 

The bladder is first palpated for some degree of fullness. An area 1 cm 
above the pubis in the mid-line is prepped and anesthetized with 1% lido- 
caine down to fascia. A 11⁄4 inch 25-G needle is next connected to a 10 cc 
syringe and while gently aspirating, the needle is advanced with the tip 
directed slightly superiorly from the insertion site. Once urine is obtained, 
the syringe is filled and the needle removed. If no urine is obtained with pas- 
sage then the patient should be hydrated and the aspiration attempted again 
after 30—60 min. An alternative approach is to use sonographic imaging to 
determine the bladder fullness and depth from skin. If ultrasound is available 
in the office, this approach is favored. 

In unusual circumstances, placement of a percutaneous suprapubic 
catheter can be required in the office. This may be done with or without 
sedation by again anesthetizing skin and localizing the bladder with the 
same 25-G needle. Prepackaged suprapubic kits with an 8-Fr tube may be 
used. For younger children an alternative is to use a 14-gauge IV cannula 
as the introducing trocar through which a 5-French feeding tube can be 
advanced into the bladder (Fig. 6.3). The cannula is then backed off the 
feeding tube and the tube is secured in some manner. This technique may 
be quite useful in hospitalized patients (especially NICU) needing suprapu- 
bic drainage. It should be noted that in children the ability to utilize office 
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Fig. 6.3. Suprapubic catheterization. A suprapubic tube can be placed percutaneously 
using a 14-gauge angiocath and a 5-Fr feeding tube (a). Once the angiocath has been 
placed, the needle is removed and the 5-Fr feeding tube passes easily through the plastic 
cannula (b). 


flexible cystoscopy to assist with catheter placement is quite limited (other 
than in the older adolescent). 


Management of Indwelling Tubes and Catheters 


Many children will require temporary indwelling stents or catheters. 
Education of the parents is essential. If the family will travel a long distance 
from the hospital for surgery, it is helpful to teach tube flushing or irrigation 
before discharge from the hospital, even for patients undergoing outpatient 
procedures. For example, for a simple urethral stent after hypospadias repair, 
we will show the parents how to insert a blunt-nosed needle into the end of 
the stent and flush with 3 ml saline. We then discharge them with these sup- 
plies so they will have them in case the catheter becomes plugged at a long 
distance from any medical help. It is also important to be certain that parents 
understand how to adequately tape, secure, and clean around any external- 
ized tube such as a nephrostomy or ureteral stent. 

Once patients are back in the office for removal, reassurance and talking 
to the patient again turns out to be the most helpful adjunct. Just as with 
catheterization, they are instructed about what will happen. For most exter- 
nalized ureteral stents, such as those used after ureteral reimplantation, the 
tubes slip out simply but the patient will have modest bladder spasms or 
urgency for the first minute after tube removal. Warning them about this and 
assuring that it will go away quickly is helpful. 

The most complicated tube management involves suprapubic tubes and 
continent cutaneous stomas after bladder augmentation when mucus is 
present which must be flushed and removed from the bladder. Office teach- 
ing is very important in this setting. After a healing period of 7 days, we start 
daily irrigation of the bladder with normal saline. A catheter tip syringe is 
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used to first remove all the fluid and mucus from the bladder by aspiration. 
Following this, 30-60 ml are first gently instilled and aspirated. Once there 
is significant mucus in the aspirate, this is detached from the suprapubic tube 
and discarded into the toilet. This flush and evacuation is repeated a mini- 
mum of six times or until the aspiration yields minimal mucus. If the patient 
tolerates the initial installation well, irrigation may be performed a bit more 
vigorously in order to detach mucus from the wall of the augmentation. In 
some patients, aspiration will be difficult until 50-100 ml is first instilled 
into the bladder to separate the walls and create a space for irrigation. Once 
the post-op suprapubic tube is removed, patients with bladder augmentation 
require chronic bladder irrigation to remove mucus and prevent formation 
of stones and recurring urinary tract infections. This is done with the inter- 
mittent catheter taped in place either through the stoma or urethra and then 
irrigation is carried out in a similar fashion. We find that having our nurse 
touch base with these families frequently and early on to troubleshoot and 
encourage good compliance is well worth the effort. 
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7 Genetic Diseases and Associated 
Urologic Manifestations 


Jeffrey S. Palmer and Katherine C. Hubert 


Abstract The diagnosis of a genetic disease is usually made through a combination 
of clinical characteristics and genetic testing. It is important that urologists be able 
to recognize the cardinal features of these disorders and identify the associated uro- 
logic manifestations. The purpose of this chapter is to provide an overview of the 
genetic disorders with urologic manifestations. 


Keywords Genitourinary - Genetic disease - Manifestations - Genital - Urinary 
tract 


INTRODUCTION 


Genetic diseases are typically divided into two categories: those with a 
simple Mendelian mode of inheritance and genetically complex disorders 
that do not have this type of inheritance. The former group is due to abnor- 
malities of single genes, whereas the latter arise from the interaction of 
multiple genes and/or genes and environmental factors. Cumulatively, these 
disorders have a major impact on the health of children. They may affect 
single or multiple organ systems, have subtle or apparent clinical manifes- 
tations in the pediatric population, and have a variety of genetic etiologies. 
Many genetic disorders affect the genitourinary system in which the genders 
share certain aspects of embryologic development. 

The diagnosis of a genetic disease is usually made through a combination 
of clinical characteristics and genetic testing. The genitourinary manifesta- 
tions of some genetic diseases may be obvious on physical examination or 
imaging studies, while others may require more invasive testing. It is impor- 
tant that urologist be able to recognize the cardinal features of these disor- 
ders and identify the associated urologic manifestations. 
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The purpose of this chapter is to provide an overview of the genetic 
disorders with urologic manifestations. It is important, however, to refer 
patients to geneticists for proper counseling. Current and detailed informa- 
tion about the specific syndromes is available through an online database of 
human genes and genetic phenotypes, the Online Mendelian Inheritance in 
Man at http://www.ncbi.nIm.nih.gov/sites/entrez?db=omim. 


AARSKOG SYNDROME 


Aarskog syndrome is an X-linked (Xp11.2) or autosomal dominant 
disorder that encompasses specific facial features, growth impairment, nor- 
mal intelligence, short stature, short, broad webbed hands, fifth finger clin- 
odactyly, and genital abnormalities. The facial features include round facies, 
hypertelorism, anteverted nares, a stubby nose with a broad nasal bridge, 
down-slanting palpebral fissures, a prominent philtrum, and a broad upper 
lip. The genital abnormalities include unilateral or bilateral cryptorchidism, 
infertility with normal pubertal development, and shawl scrotum a condition 
in which the scrotum surrounds the penis. 


FAMILIAL HEMATURIA DUE TO TYPE IV COLLAGEN 
MUTATIONS 


Alport syndrome and thin basement membrane glomerulopathy are pri- 
mary genetic disorders of the glomerular basement membrane (GBM) that 
cause persistent hematuria of glomerular origin in children (/). There is dif- 
fuse thinning of the GBM in both conditions; it remains attenuated in thin 
basement membrane nephropathy while the GBM in Alport syndrome gets 
progressively thicker resulting in worsening proteinuria and renal function. 


ALPORT SYNDROME 


Alport syndrome is inherited in either an X-linked form (COL4A5 gene 
on Xq22) by males or an autosomal recessive form by either gender 
(COL4A3 and COL4A4 genes on 2q). A major component of the GBM, 
collagen type IV, is abnormal in this disease, which results in hematuria 
and/or chronic renal failure. Alport syndrome is seen in approximately 2.3% 
of renal transplant patients and 0.6-3% of patients with end-stage renal dis- 
ease (2). This syndrome, which affects 1 in 5,000 people, is characterized by 
anterior lenticonus, neural hearing loss, and hereditary, progressive nephri- 
tis. The typical presentation is one of upper respiratory tract infections with 
subsequent persistent gross or microscopic hematuria. Renal failure occurs 
in the second to third decade of life (2). The diagnosis is confirmed by spe- 
cific GBM electron microscopic features including thickening and splitting 
of the GBM with electron-lucent areas containing small, dense granulations. 
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Management consists of low-phosphate, low-protein, and low-salt diets, in 
addition to cyclosporine A (2). Renal transplant recipients may have recur- 
rence resulting from anti-glomerular basement membrane nephritis (3). 


THIN BASEMENT MEMBRANE NEPHROPATHY 


Heterozygous mutations in type IV collagen genes COL4A3 or COL4A4 
typically cause microhematuria without proteinuria or renal functional 
impairment, known as thin basement membrane nephropathy (/). Rarely 
this form of GBM nephropathy may lead to proteinuria and end-stage renal 
disease. 


CONGENITAL HEPATORENAL FIBROCYSTIC SYNDROMES 


The hepatorenal fibrocystic syndromes are a heterogeneous group of 
severe monogenic conditions that may be detected prenatally (4). This 
group includes autosomal recessive polycystic kidney disease (ARPCKD), 
Meckel-Gruber syndrome (MKS), Bardet-Biedl syndrome (BBS), and Jeune 
asphyxiating thoracic dystrophy (JATD). They commonly present in the 
neonatal and pediatric age groups with developmental abnormalities mostly 
involving the kidney and liver. Extrahepatic features include bone and cen- 
tral nervous system abnormalities, dysmorphic features, and developmental 
delay. Cystic lesions affect both liver and kidneys, with the severity of the 
renal lesions determining the clinical presentation and long-term prognosis 
of many of these syndromes. 


AUTOSOMAL RECESSIVE (INFANTILE) POLYCYSTIC 
KIDNEY DISEASE (ARPKD) 


Polycystic kidney disease includes both autosomal dominant polycystic 
kidney disease (ADPKD) and autosomal recessive polycystic kidney dis- 
ease (ARPKD). ARPKD is the most common neonatal polycystic kidney 
disease with an incidence of about 1 in 20,000. The gene has been mapped 
to the short arm of chromosome 6 (6p21.1-12) (5, 6). Most patients (75%) 
present in infancy with both ectasia and cystic dilatation of the renal collect- 
ing tubules that prevent the normal development of the nephrons (4). The 
nephrons remain as primitive ducts lined by undifferentiated epithelium and 
sheathed with thick layers of connective tissue. The kidney appears spongy 
and there is no distinction between cortex and medulla. Affected fetuses have 
large, renoform, nonbosselated flank masses that may lead to prenatal oligo- 
hydramnios and impede vaginal delivery. Newborns may present with olig- 
uria, Potter’s facies, and respiratory distress due to pulmonary hypoplasia. 

Congenital hepatic fibrosis is characteristic of ARPKD and correlates 
with the severity of the renal cystic disease. Younger patients with ARPKD 
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have milder liver disease, and, conversely, younger patients with congential 
hepatic fibrosis have milder cystic renal disease. Liver histology shows 
portal spaces enlarged by periportal fibrosis, proliferation of biliary ducts, 
and ductal plate malformation (4). The liver disease may lead to portal 
hypertension, esophageal varices, and hepatosplenomegaly in older children. 
Diagnosis may be suspected on prenatal ultrasonography by the findings 
of oligohydramnios and homogeneously, hyperechogenic, enlarged kidneys. 
The diagnosis is confirmed with computed tomography. 

There is no cure for ARPKD. Approximately half of the children with this 
disease die within the first month of life, usually due to pulmonary complica- 
tions (7). Management of survivors includes respiratory care and treatment 
of hypertension, congestive heart failure, esophageal varices, and hepatic 
failure. Options for renal failure include dialysis and renal transplantation. 


AUTOSOMAL DOMINANT (ADULT) POLYCYSTIC KIDNEY 
DISEASE (ADPKD) 


ADPKD is the most common renal hereditary disease, affecting 1 in 400 
to 1,000 live births (8). It accounts for 5% of the end-stage renal disease pop- 
ulation in the United States and Europe (8). Approximately 85% of affected 
families have mutations in the polycystic kidney disease (PKD)1 gene (8). 
ADPKD is mapped to chromosome 16 (16p13.11-16pter) and chromosome 
4 with 100% penetrance (9). Most patients present between the ages of 30 
and 50 with hypertension, flank or abdominal pain, and hematuria. Renal 
involvement may result in proteinuria, hypertension, calculi, and urinary 
tract infections. ADPKD is associated with hepatic cysts, mitral valve regur- 
gitation, colonic diverticuli, polycythemia, and intracranial aneurysms (/0). 
It is less common in the pediatric population. Neonates usually present with 
enlarged kidneys, congenital hepatic fibrosis, and even respiratory distress 
or stillbirth in those with severe disease. Children older than 1 year of age 
usually present with hypertension, proteinuria, and hematuria. 

In contrast to ARPKD, these patients usually have large hepatic cysts, and 
the number of hepatic cysts can increase with the age of the patient (4). The 
biliary malformations and hepatic fibrosis that characterize ARKPKD are 
absent in most cases. 

Diagnosis is based on DNA analysis, ultrasonography, and computed 
tomography of large kidneys with thin-walled cysts. Amniocentesis and 
chorionic villae sampling may be used for prenatal diagnosis of ADPKD. 
The treatment consists of conservative management and supportive care. 


BARDET-BIEDL SYNDROME 


Bardet-Biedl syndrome is a genetic disorder with the primary fea- 
tures of obesity, polydactyly, pigmentary retinopathy, hypogonadism, renal 


Chapter 7 / Genetic Diseases and Associated Urologic Manifestations 145 


anomalies, and developmental delay (//). Secondary features include 
diabetes, hypertension, and congenital heart defects (//). Renal dyspla- 
sia progressing to end-stage renal disease is the most significant urologic 
manifestation and the main cause of morbidity and mortality (/2). Other 
genitourinary manifestations include septate vagina, hypogonadism, hemo- 
colpos, uterine duplication, urogenital sinus abnormalities, and hypoplastic 
fallopian tubes, ovaries, and uterus (/3). It was originally thought to be a 
single locus autosomal recessive disorder but has since been proven to be a 
genetically heterogeneous disease caused by multiple individual loci (//). 
Bardet-Biedl syndrome is diagnosed by clinical evaluation, linkage analysis 
and polymerase chain reaction (PCR) (/4). 


JEUNE SYNDROME (ASPHYXIATING THORACIC 
DYSPLASIA) 


Renal, hepatic, and pancreatic abnormalities are common in Jeune 
syndrome (4). It is a rare autosomal recessive condition characterized by 
skeletal abnormalities, including a long and narrow thorax, metaphyseal 
irregularities, shortness of the ribs and long bones, and, occasionally, poly- 
dactyly (4, 15). The urologic manifestations include renal cysts and chronic 
tubulointerstitial renal lesions (/6). Chronic renal failure occurs in the 20% 
of patients who survive beyond the neonatal period. Renal transplantation 
is an option for patients with renal failure. Hepatic involvement can mani- 
fest as neonatal cholestasis or hepatic fibrosis leading to biliary cirrhosis and 
portal hypertension (4). 


MECKEL-GRUBER SYNDROME 


Meckel-Gruber syndrome is a uniformly lethal malformation syndrome 
characterized by a triad of central nervous system abnormalities (prosen- 
cephalic dysgenesis, occipital encephalocele, and rhombic roof dysgenesis), 
large multicystic kidneys, bilateral polydactyly, and fibrocystic changes of 
the liver (4). Other features include ambiguous genitalia and cardiac abnor- 
malities. Early prenatal diagnosis is essential in parental counseling since 
newborns die immediately after birth. Prenatal ultrasonography of this syn- 
drome can be made as early as 11 weeks of gestation (17). 


BRANCHIO-OTO-RENAL SYNDROME (MELNICK-FRASER 
SYNDROME) 


Branchio-oto-renal syndrome is an autosomal dominant disorder with an 
estimated prevalence of 1 in 40,000 (/8). It is a heterogeneous condition 
characterized by ear malformations, hearing impairment, branchial fistulae 
and cysts, preauricular pits, and renal malformations (/9, 20). Although 
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the diagnosis can be made based on clinical criteria alone, about 40% of 
patients show variations in the EYA1 gene on chromosome 8 (8q13.3). 
The renal anomalies include renal agenesis, renal hypoplasia and dysplasia, 
hydronephrosis, caliectasis, pelviectasis, vesicoureteral reflux, ureteropelvic 
junction obstruction, and calyceal diverticulae and cysts. Approximately 6% 
of patients progress to renal failure. There is a high rate of fetal deaths pos- 
sibly due to bilateral renal agenesis (2/). 


CHARGE SYNDROME 


CHARGE is a multisystemic syndrome that consists of colobomata, 
heart defects, choanal atresia, retarded growth and development, genital 
hypoplasia, and ear anomalies (22). The exact pattern of inheritance 
is unclear. The genitourinary manifestations include neurogenic bladder, 
hydronephrosis, vesicoureteral reflux, and ureteropelvic junction obstruc- 
tion (23). All patients should have bladder and renal ultrasonography and 
a voiding cystourethrogram. The female genital manifestations include 
absent vagina, ovaries, and uterus, and hypoplasia of the labia majora, labia 
minora, and/or clitoris. The male genital manifestations include micrope- 
nis, penile agenesis, cryptorchidism, bifid scrotum, penile chordee, and 
hypospadias. 


EHLERS-DANLOS SYNDROME 


Ehlers-Danlos syndrome is an autosomal recessive connective tissue dis- 
order characterized by poor wound healing, skin hyperextensibility, joint 
hypermobility, and hernias. The urologic manifestations include hydroureter 
and bladder diverticulae. A conservative approach to the bladder diverticu- 
lae is recommended due to the risk for poor wound healing and bleeding 
(24). Ehlers-Danlos bladder diverticulae form a distinct group characterized 
by postoperative recurrence (25). They may cause difficulties with micturi- 
tion and infection. Surgery should be considered in children with upper tract 
deterioration and uncontrolled urinary tract infections. 


FRASER SYNDROME (CRYPTOPHTHALMOS SYNDROME) 


Fraser syndrome is an autosomal recessive syndrome characterized by 
genitourinary and craniofacial abnormalities, syndactyly, and cryptopthal- 
mos. Unilateral or bilateral renal agenesis, which occurs in 85% of patients, 
is a major cause of early death (26). Males most commonly have hypospa- 
dias, micropenis, and cryptorchidism (27). Females typically have bicornate 
uterus, clitoral hypertrophy, and vaginal atresia, and prenatal ultrasonogra- 
phy may diagnose this condition as early as 18 weeks of gestation. 
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GOLDENHAR SYNDROME (OCULO-AURICULAR 
VERTEBRAL COMPLEX) 


The Goldenhar syndrome is a complex of unilateral craniofacial and ver- 
tebral abnormalities with an unclear pattern of inheritance. Signs associated 
with this syndrome include preauricular skin tags, cleft palate, maxillary or 
mandibular hypoplasia, ear microtia, facial asymmetry, and epibulbar der- 
moids (28). This syndrome also includes anomalies of the cardiac, neural, 
pulmonary, and genitourinary systems (28). Ritchey et al. reported a 70% (14 
of 20 cases) incidence of urinary tract abnormalities including five cases of 
vesicoureteral reflux (29). Other genitourinary manifestations include renal 
ectopia, renal agenesis, ureteropelvic junction obstruction, multicystic dys- 
plastic kidney, ureteral duplication, and left retrocaval ureter (29). 


HYPERTELORISM-HYPOSPADIUS SYNDROME (OPITZ 
G/BBB SYNDROME) 


Hypertelorism-Hypospadius syndrome is characterized by midline 
anomalies, including hypertelorism, cleft lip/palate, and hypospadias. 
Urologic abnormalities include splayed labia majora, vesicoureteral reflux, 
unilateral and bilateral cryptorchidism, bifid scrotum, micropenis, hypoplas- 
tic scrotum, and other ureteral and renal anomalies (30). Other characteris- 
tics include patent ductus arteriosis, swallowing defects, and developmental 
delay (3/). It is inherited in an autosomal dominant pattern linked to chro- 
mosome 22 (2q11.2) and in an X-linked pattern (Xp22). 


INTERSEX DISORDERS 


The intersex disorders encompass pseudohermaphroditism, true 
hermaphroditism, and gonadal dysgenesis. Chromosomal analysis is 
indicated in any child with ambiguous genitalia. Genetic females with 
ambiguous genitalia should also obtain urinary renin, 17-a-hydroxysteroids, 
and 17-ca-ketosteroids, and serum 17-a-hydroxyprogesterone. 


LESCH-NYHAN SYNDROME 


Lesch-Nyhan syndrome is an X-linked recessive disorder that results from 
a partial or complete deficiency of the enzyme hypoxanthine-guanine phos- 
phoribosyl transferase (HGPRT) (32). HGPRT catalyzes the conversion of 
hypoxanthine to inosinic acid and guanine to guanylic acid in the pres- 
ence of phosphoribosylpyrophosphate (33). The syndrome is characterized 
by excessive uric acid production, marked hyperuricemia, and hyperurico- 
suria due to a change in this pathway. Other features include choreoathetosis, 
mental and growth retardation, spasticity, and self-mutilation. These chil- 
dren typically appear normal at birth until they develop the aforementioned 
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features late in the first year of life. Both hyperuricemia with associated 
gouty arthritis and hyperuricemic nephropathy can be prevented by the use 
of allopurinol, a xanthine oxidase inhibitor (33). The urologic manifestations 
include renal calculi composed of uric acid. Treatment is aimed at prevent- 
ing additional uric acid stone formation by decreasing the degree of urate 
and uric acid supersaturation in the urine and by blocking steps in uric acid 
production. It is also important to modify the diet, fluid intake, and urine 
pH (34). 


MENKES DISEASE 


Menkes disease is a lethal, sex-linked recessive (Xq12-13) neurodegener- 
ative disorder that is associated with abnormalities in copper transport and 
urine and serum levels. Characteristics of the disease include kinky, color- 
less, and friable hair, hypotonia, myoclonic seizures, mental retardation, fail- 
ure to thrive, hypothermia, spasticity, osteoporosis, arterial tortuosity, and 
chubby, rosy cheeks (35). The genitourinary abnormalities include cryp- 
torchidism, bladder diverticulae, hydronephrosis, and vesicoureteral reflux 
(36). A conservative treatment approach is used due to the poor prognosis of 
this disease. 


MURCS SYNDROME 


MURCS is a syndrome of a group of associated congenital anomalies 
without a clear pattern of inheritance: mullerian duct aplasia, renal apla- 
sia, and cervicothoracic somite dysplasia (37). The most common presenta- 
tion is primary amenorrhea. Normal secondary sexual characteristics and 
an absent vagina are noted on physical examination. The most common 
radiologic findings are renal agenesis with an ectopic contralateral kidney 
that is usually pelvic in location, and fusion of cervical and upper thoracic 
vertebrae. 


NAIL-PATELLA SYNDROME (HEREDITARY 
OSTEOONYCHODYSPLASIA) 


Nail-patella syndrome is a rare autosomal dominant syndrome linked 
to chromosome 9 (9q34). It is characterized by the presence of dysplastic 
nails, hypoplastic or absent patellae, radial head dislocations, iliac horns, 
and heterochromia of the iris (Lester’s sign) (2, 35). Renal disease, seen 
in 30-50% of patients, includes proteinuria, microhematuria, renal failure, 
and nephrotic syndrome (2, 39). Ultrastructural changes on renal biopsy 
include an irregularly thick GBM, with patches of dense fibrillar material. 
The severity of the child’s renal disease does not depend upon the degree of 
parental renal involvement (40). Renal transplantation may be considered in 
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patients with renal failure. The diagnosis is made in children using skeletal 
ultrasonography and renal biopsy. Prenatal diagnosis is confirmed by ultra- 
sonographic findings of iliac horns as this is a pathognomic finding. 


NOONAN SYNDROME 


Noonan syndrome is an autosomal dominant disorder in males that is sim- 
ilar to Turner syndrome in females. It is characterized by webbed neck, mild 
mental retardation, hypertelorism, low posterior hairlines, low-set ears, short 
stature, deeply grooved philtrum, chest deformities, lymphedema, congeni- 
tal heart defects, and bleeding abnormalities (4/). This syndrome is associ- 
ated with cryptorchidism. Adults may occasionally be fertile. 


OCULOCEREBRORENAL SYNDROME OF LOWE 


Oculocerebrorenal Syndrome of Lowe is an X-linked recessive syndrome 
(OCRLI gene at Xq24-26) involving the eyes, central nervous system, 
and kidneys (42). The clinical features include growth retardation, severe 
mental retardation, areflexia, hypotonia, noninflammatory joint swelling of 
unknown cause, and renal tubular dysfunction (Fanconi’s syndrome) (43). 
The manifestations of Fanconi’s syndrome are proteinuria, metabolic aci- 
dosis, aminoaciduria, and hyperphosphaturia. The ocular findings include 
cataracts, glaucoma, and corneal keloids (43). Female carriers have lenticu- 
lar opacities on slit-lamp examination of the cortex of the lens. Patients often 
exhibit an unusual facial appearance with frontal bossing, progressive facial 
elongation, deep-set eyes, and chubby cheeks (43). 


PRADER-WILLI SYNDROME 


Prader-Willi syndrome is the most common form of obesity caused by 
a genetic syndrome with an incidence of approximately 1 in 25,000 births 
(44). The chromosomal abnormality is a deletion in the paternal chromo- 
some in the region of 15q11-13 (45, 46). Infants typically have difficulty 
feeding with resultant failure to thrive in the first year of life. Newborns 
may have nonspecific findings including hypotonia, poor sucking reflex, 
diminished or absent cry, and somnolence. There is a delay in early develop- 
mental milestones, and after | year of age, there is a transition to hyperpha- 
gia. The male genital manifestations include cryptorchidism, micropenis, 
hypogonadism, and scrotal hypoplasia. Hypogonadism is thought to be 
due to hypothalamic dysfunction. Typical characteristics in females include 
hypoplastic labia minora and clitoris, infertility, delayed menarche, and 
abnormal pubertal development. Other manifestations of this syndrome are 
a downturned mouth, a narrow nasal bridge, small hands and feet, and a 
narrow bifrontal diameter. Prenatal diagnosis is confirmed by amniocente- 
sis and chorionic villae sampling. If the diagnosis is suspected in infants 
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or children, a high-resolution karyotype followed by methylation studies 
specific for Prader-Willi Syndrome should be obtained (44). Treatment con- 
sists of hormonal therapy and weight control. 


PRUNE BELLY SYNDROME (EAGLE-BARRETT SYNDROME) 


Prune belly syndrome presents with three main features: abdominal wall 
flaccidity, bilateral intra-abdominal cryptorchidism, and urologic abnormal- 
ities (47). The abdominal wall flaccidity may cause lordosis and respiratory 
infections. The cryptorchid testes, if left untreated, do not demonstrate sper- 
matogenesis after puberty. The vesical and ureteral smooth muscle devel- 
ops abnormally resulting in a large hypotonic bladder, tortuous and dilated 
ureters, and vesicoureteral reflux in two-thirds of patients. Other urologic 
manifestations include hydronephrosis, renal dysplasia, patent urachus, con- 
genital megalourethra, and prostatic hypoplasia. There are also cardiac, gas- 
trointestinal, pulmonary, and orthopedic abnormalities (48). The syndrome 
has been reported in female patients (49). 

The management of this condition includes diagnostic evaluation of car- 
diopulmonary function, and treatment of the vesicourethral dysfunction, 
cryptorchidism, and vesicoureteral dysfunction, and abdominal wall recon- 
struction. Early simultaneous correction of Prune Belly syndrome abnor- 
malities with individualized urinary reconstruction, abdominoplasty, and 
orchiopexy is feasible and provides excellent long-term results (47). The 
exact pattern of inheritance is unclear. 


ROBINOW SYNDROME (FETAL FACE SYNDROME) 


Robinow syndrome is a type of dwarfism with mesomelic limb short- 
ening, hemivertebrae, and genital hypoplasia (50). Both autosomal domi- 
nant and autosomal recessive inheritance have been described suggesting 
that there is allelic heterogeneity (5/). It is associated with prominent nares, 
hypertelorism, a short upturned nose, low set ears, depressed nasal bridge, 
rib abnormalities, and spinal abnormalities (52). In females, there is reduced 
clitoral size, hypoplasia of the labia minora, vaginal atresia, and hematocol- 
pos (50). The urologic manifestations in males include cryptorchidism and 
a hypoplastic or absent penis (5/, 52). 


SICKLE CELL DISEASE 


Sickle cell disease is due to the inheritance of abnormal hemoglobin 
S rather than adult hemoglobin A. The single point mutation at the sixth 
residue of the B-chain causes intracellular polymerization of hemoglobin, 
resulting in the manifestations of sickle cell disease: painful crises, cere- 
brovascular accidents, bony and pulmonary infections, and swelling of the 
spleen and extremities (2). The renal manifestations include hematuria, 
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tubular dysfunction, and proteinuria. The high osmolality, low pO, and low 
pH in the medulla promote the “sickling phenonmenon,” which produces 
vascular obstruction, proximal congestion, and erythrocyte extravasation, 
resulting in hematuria (2). Tubular dysfunction is due to alterations in 
the medually area. Glomerular and capillary hypertension cause glomeru- 
lar hypertrophy, focal segmental glomerulosclerosis, proteinuria, and 
progressive decline of renal function with age. The most significant genital 
manifestation is low-flow priapism, which can cause fibrosis of the corporal 
cavernosa. Conservative treatment includes pain control, aggressive hydra- 
tion, oxygenation, and metabolic alkalinization. Aspiration and irrigation 
with epinephrine, hypertransfusion, and erythrophoresis may be required. 


SMITH-LEMLI-OPITZ SYNDROME 


Smith-Lemli-Opitz syndrome is an autosomal recessive syndrome caused 
by a 7-dehydrocholesterol reductase deficiency (53, 54). It is characterized 
by 2/3 toe soft tissue syndactyly, micrognathia, mental retardation, holopros- 
encephaly, low levels of cholesterol, self-mutilation, low-set ears, micro- 
cephaly, and elevated levels of 7-dehydrocholesterol. Approximately 91% 
of males have genital abnormalities such as hypospadias, cryptorchidism, 
ambiguous genitalia, and sex reversal (55). The genitourinary manifes- 
tations include renal agenesis, hypoplastic kidneys, cystic kidneys, and 
hydronephrosis. Prenatal diagnosis is confirmed by amniocentesis or chori- 
onic villus sampling. 


TURNER SYNDROME 


Turner syndrome is the most common sex chromosome abnormality in 
females, manifesting as either a 45, X karyotype or a mosaic 45, X/46, XX 
karyotype. Structural aberrations of the X-chromosome may also cause this 
syndrome. Clinical features include short stature, shield chest, webbed neck, 
bicuspid aortic valve, cubitus valgus of the elbow, congenital lymphedema, 
and coarctation of the aorta (56). The genital manifestations include primary 
amenorrhea and streak ovaries. The most common associated renal abnor- 
mality is horseshoe kidney. Other renal anomalies include hydronephrosis, 
duplications, malrotation, and nonfunctioning kidney. Renal ultrasonogra- 
phy should be obtained in all patients. 


VACTERL ASSOCIATION 


VACTERL association is a group of associated congenital anoma- 
lies that is often lethal: vertebral effects, anal atresia, cardiac defects, 
tracheoesophagel fistula, renal malformations, and limb defects (57, 58). At 
least three of these abnormalities are required for diagnosis (59). Urologic 
manifestations include hypospadias and renal anomalies, including renal 
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agenesis, vesicoureteral reflux, obstructive lesions, and cystic renal disease 
(60). The exact pattern of inheritance of this condition has not been 
delineated. 


WILMS TUMOR (NEPHROBLASTOMA) 


Wilms tumor is a solid childhood malignancy with a peak incidence 
between ages 3 and 4 (6/). There are three associated genetic syndromes: 
Denys-Drash syndrome, WAGR syndrome, and Beckwith-Wiedemann syn- 
drome. The former includes male Wilms tumor, pseudohermaphroditism, 
and diffuse mesangial sclerosis of the kidney (62). WAGR syndrome 
consists of Wilms tumor, aniridia, genitourinary anomalies (including 
male pseudohermaphroditism), and mental retardation. The characteristics 
of Beckwith-Wiedemann syndrome include Wilms tumor, hemihypertro- 
phy, mental retardation, macroglassia, microcephaly, visceromegaly, and 
omphalocele. The WT1 gene on chromosome 11 has been identified as the 
etiology for both WAGR syndrome and Denys-Drash syndrome The WT2 
gene on chromosome 11 is responsible for Beckwith-Wiedemann syndrome. 
Treatment involves surgery, radiation therapy, and chemotherapy. 


ZELLWEGER SYNDROME (CEREBROHEPATORENAL 
SYNDROME) 


The characteristics of Zellweger syndrome include hypotonia, epileptic 
seizures, a high forehead, a large anterior fontanelle, shallow orbital ridges, 
micrognathia, and hepatomegaly. It is inherited in an autosomal recessive 
fashion. The most common urologic manifestation is renal cystic disease 
(63). Prenatal diagnosis involves chorionic villus sampling detecting very 
long-chain fatty acids. 


RECENTLY DEFINED GENETIC SYNDROMES 


Pelvis Syndrome 


PELVIS syndrome has the characteristic findings of perineal heman- 
gioma, external genital manifestations, lipomyelomeningocele, urinary tract 
abnormalities, imperforate anus, and skin tag (64). Urinary tract abnormal- 
ities include renal agenesis, vesicoureteral reflux, and bladder anomalies. 
Malformations of the external genitalia include penile chordee, bifid scro- 
tum, and vulvar hypertrophy or hypotrophy. 


IMAGe 


IMAGe is a syndrome that consists of intrauterine growth retardation, 
metaphyseal dysplasia, adrenal hypoplasia congenita, and genital anomalies 
(65). The genital abnormalities include bilateral cryptorchidism and a small 
phallus. 
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8 Penis and Scrotum: Congenital 
and Acquired Anomalies 


Jeffrey S. Palmer 


Abstract Anomalies of the penis and scrotum are common and may be congenital, 
acquired, or iatrogenic. The understanding of the normal anatomy of the penis and 
scrotum is important in order to assist in evaluating congenital and acquired anoma- 
lies of the male genitalia. The purpose of this chapter is to describe the normal 
anatomy and anomalies of the penis and scrotum. 


Keywords Penis - Scrotum- Anomaly >- Anatomy - Pediatrics 


INTRODUCTION 


Anomalies of the penis and scrotum are common and may be congenital, 
acquired, or iatrogenic. The understanding of the normal anatomy of the 
penis and scrotum is important in order to assist in evaluating congenital and 
acquired anomalies of the male genitalia. The normal anatomy of the penis 
includes the prepuce (foreskin), glans, urethral meatus, coronal sulcus, and 
penile shaft. The median raphe of the penile shaft is contiguous with the 
scrotal raphe. 

The purpose of this chapter is to describe the normal anatomy and anoma- 
lies of the penis and scrotum. Congenital anomalies may result from a dis- 
order of sexual and/or genital differentiation, or genital growth and may be 
associated with other organ systems or other syndromes. Acquired condi- 
tions may result from infections and obesity, while iatrogenic conditions 
may be due to circumcision and other penile surgeries. 


PENILE ANOMALIES 


Penile length increases with gestational age (/, 2) and during the first 
3 months of life. After 3 months of age, penile length increases more slowly 
until adolescence when the length significantly increases again until the final 
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size of the phallus is reached. The normal penile size is 3.5 + 0.7 cm in the 
stretched length and 1.1 + 0.2 cm in diameter in full-term male newborn 
compared to 13.3 + 1.6 cm at adulthood. Tanner stages are a set of recog- 
nizable changes that occur to penis, pubic hair, and testicles during puberty. 
These stages along with penile length are useful in evaluating patients. 


PREPUCE (FORESKIN) 


Phimosis and Paraphimosis 


Phimosis is the inability to partially or completely retract the foreskin. 
At birth, a physiologic phimosis exists due to natural adhesions between the 
inner preputial skin and glans and/or due to a preputial ring. The separation 
of the prepuce from the glans results from accumulation of epithelial debris 
(e.g., smegma) during the first 3—4 years of age under the foreskin, and inter- 
mittent penile erections. Primary phimosis is almost always resolvable with- 
out intervention during childhood. This results from preputial retractability 
increasing with age with 90% and greater than 99% of uncircumcised boys 
3 and 17 years of age, respectively, with completely retractable prepuces 
(3, 4). Secondary phimosis can result from forceful retraction and balanitis 
xerotica obliterans (BXO). The former is usually not recommended for it 
can result in a preputial cicatrix. 

There are several penile issues associated with the uncircumcised penis, 
including paraphimosis, urinary tract infection, infection, and cancer. 
Paraphimosis, the entrapment of the foreskin behind the glans penis, should 
be treated as soon as possible for it can result in gangrene. The treatment 
options include manipulation, dorsal slit procedure, and circumcision. 

The need to increase preputial retractability include persistent primary 
or secondary phimosis, primary phimosis, posthitis (i.e., inflammation of 
the prepuce), balanitis, and urinary tract infections. Topical corticosteroid 
creams have been successfully used to treat phimosis. Palmer and Palmer 
compared the efficacy of topical betamethasone treatment with respect to 
outcome and complications (5). Children treated twice daily for 30 days (i.e., 
60 doses) or three times daily for 21 days (63 doses) had similar results — 
84.5 and 87% response rate, respectively. Only one child had an untoward 
effect (candidal dermatitis). 


CIRCUMCISION 


There is a diverse view of circumcision based on nationality, culture, eth- 
nicity, and religion (6). Several techniques for newborn circumcision are 
available, including Plastibell device, Gomco clamp, and Mogen clamp. 
These devices as well as others may provide a cosmetically acceptable 
circumcised penis. One must first completely separate the foreskin from 
glans in order to completely visualize the meatus to confirm that there 
are no anomalies, including hypospadias. Local anesthesia is recommended 
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when neonatal circumcision is performed (e.g., topical application of a 
cream containing eutectic mixture of local anesthetic (EMLA; lidocaine 
and prilocaine)), dorsal penile nerve block, and a penile ring block (7). 
Although circumcision can be performed under local anesthesia even 
in older boys, typically older infants and children have the procedure 
performed under general anesthesia using a free-hand sleeve resection 
technique. 

Circumcision should not be performed in the office when the child has 
other penile conditions that require surgical correction, including hypospa- 
dias, dorsal hood deformity, penile curvature, webbed penis, and buried 
penis (refer to corresponding sections). Circumcision has several potential 
benefits including the prevention of phimosis, urinary tract infection (UTI), 
penile cancer, and sexually transmitted diseases. 


CIRCUMCISION COMPLICATIONS 


The risk of complications after circumcision, which can occur immedi- 
ately or months to years later, is 0.2-5% (8, 9). Bleeding is the most com- 
mon complication, which occurs in 0.1% and is more commonly seen in 
older children. The cause of bleeding is usually from the frenulum or less 
frequently from a large blood vessel on the penile shaft. Although bleeding 
is usually self-limiting, compression, cautery, or a suture may be required. 
Wound infection, a rare complication, is usually prevented with the applica- 
tion of antibiotic ointment (e.g., bacitracin) after the procedure. If the edges 
of the penile skin do not adhere to the mucosal collar or if excess amount 
of skin is removed, penile degloving can occur. The application of antibi- 
otic ointment to the denuded region and warm bathes will usually result in 
epithelization of the defect along the penile shaft. Immediate suturing of the 
skin edges is not recommended. 


MEATAL STENOSIS 


Meatal stenosis can be congenital, which occurs primarily in neonates 
with hypospadias, or acquired. Acquired meatal stenosis is a condition that 
occurs almost only in circumcised children. The normal urethral meatus is 
14 French after 10 years of age; 12 French from 4 to 10 years of age; and 
10 French prior to 4 years of age (70). Balanitis xerotica obliterans (BXO) 
is another cause of meatal stenosis (refer to BXO section). Symptoms of 
meatal stenosis include typical urinary stream deviation in an upward direc- 
tion, penile pain at the initiation of urination, and a high velocity, narrow uri- 
nary stream. Urinary tract imaging may be indicated for associated urinary 
incontinence or UTI. Meatotomy or meatoplasty to treat secondary meatal 
stenosis can be performed by making a ventral incision long enough to cre- 
ate a normal meatal caliber. The suturing of the urethral mucosa to the glans 
reduces the risk of recurrence. 
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GLANULAR ADHESIONS AND SKIN BRIDGES 


Glanular adhesions and skin bridges are attachments of the glans and 
penile shaft, which are common complications associated with circumci- 
sion. Glanular adhesions are attachments between the circumcision incision 
line or inner prepuce attaching to the glans. Persistent adhesions can be lysed 
in the office with the application of topical analgesia such as EMLA cream. 
Low-dose steroids have been relatively unsuccessful in lysing adhesions. 
Skin bridges (Fig. 8.1) are epithelized adhesions. Skin bridges can lead to 
penile torsion and chordee and torsion, which may require excision in the 
operating room under general anesthesia. 


Fig. 8.1. Penile skin bridge between the penile shaft skin and glans penis. 


PENILE SKIN COMPLICATIONS 


Asymmetric or insufficient prepuce excision can result in a parental and 
patient cosmetic and social dilemma (Fig. 8.2). Excessive skin excision can 
result in penile torsion, chordee, and/or lateral deviation. Several techniques 
have been described for circumcision revision (77—13), but unlike the new- 
born circumcision, the former requires general anesthesia. A trapped penis 
can result from excessive skin removal due to a cicatricial scar. A treatment 
option for the trapped penis include the use of betamethasone with a 79% 
success in softening of the cicatrix (/4). Surgical intervention includes ver- 
tical relaxation incision and formal repair. 


PENILE TRAUMA 


Penile trauma, including urethral injury, excision of the glans and/or 
penile shaft, and penile necrosis, is a serious complication associated with 
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Fig. 8.2. Asymmetric redundant penile skin is a common complication associated with 
circumcision. 


circumcision. Urethral injury requires a urethroplasty while excision of the 
glans can be repaired by suturing the excised tissue back to the penis (/5) 
with usually good results if performed within 8 h. Penile necrosis can be 
treated by penile reconstruction and female gender reassignment with bilat- 
eral orchiectomy (16, 17). 


BALANITIS XEROTICA OBLITERANS 


Lichen sclerosus et atrophicus or balanitis xerotica obliterans (BXO), a 
chronic infiltrative and cicatrizing skin condition, can result in pathological 
phimosis (/8). BXO can also affect the urethra, glans, and meatus. Treatment 
of BXO includes medical and surgical intervention. Topical steroids of the 
foreskin has had limited benefit with those with minimal scar formation (/9). 
Circumcision is the preferred treatment. Meatotomy or meatoplasty may be 
required if there is meatal involvement. 


ACCESSORY URETHRAL OPENINGS 
Urethral Duplication 


Urethral duplication most commonly occurs in the sagittal plane with 
one urethra located ventrally and the other dorsally (Fig. 8.3) (20, 21). 
Urethral duplication in the same horizontal plane, collateral urethral dupli- 
cation, is very rare (22). The Effman classification is the most com- 
monly used classification of urethral duplication (23). Anomalies have been 
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Fig. 8.3. Urethral duplication with catheters through meatus at the perineum and at the 
tip of the glans penis. 


described in the genitourinary, gastrointestinal, and musculoskeletal system. 
The genitourinary anomalies include vesicoureteral reflux (24), renal agen- 
esis, duplicated bladder, and bilateral cryptorchidism (25). 

Children can present with a double meatus and double urinary stream 
(20, 26, 27), urinary incontinence, and recurrent urinary tract infections (28). 
Patient evaluation includes a voiding cystourethrogram, retrograde urethro- 
gram, cystourethroscopy, and radiographic evaluation of the other associated 
anomalies. Treatment of urethral duplication is dependent on the anatomy 
of the urethral duplication (24, 28). Surgical repair includes complete acces- 
sory tract excision since the accessory urethra should not be used as the 
primary urethra (20). Other surgical options include urethrourethrostomy of 
the accessory tract into the functional urethra, injection of sclerosing agents 
into or electrofulguration of the accessory tract, and septotomy if the septum 
between the two urethras is thin. 


Congenital Urethral Fistula 


Accessory urethral openings is a rare condition, but should be considered 
in a child with a history of dual urinary stream. A congenital urethrocuta- 
neous fistula is most commonly located in the subcoronal or coronal posi- 
tion and is associated with a normal urethra and meatus. This abnormality 
can be an isolated deformity (29), or associated with imperforate anus or 
ventral chordee (30). Treatment is similar to repair of a urethrocutaneous 
fistula after hypospadias repair — circumscribe the fistula and then closure in 
multiple layers. However, if the glans bridge is thin, the distal urethra may 
need to be closed by a Thiersch-Duplay after the ventral glans is opened 
through the distal urethra. 
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PENILE MASSES 


The most common penile mass in children are penile cysts. A history and 
physical examination are important in the evaluation of the mass. One should 
determine the onset of the mass, change in size and/or its appearance, and 
history of previous surgery. 


Inclusion Cysts 


Two types of inclusion cysts are commonly present on the penis. Smegma 
under the unretractable prepuce is the most common acquired cystic lesion 
of the penis. The smegma results in a yellow mass that can be soft or hard to 
palpation. Preputial retraction is usually not indicated since it usually retracts 
on its own with time. Another type of inclusion cyst is the epidermal type. 
Epidermal inclusion cysts may result from circumcision and other penile 
surgery due to islands of epithelium within the subcutaneous tissue. Excision 
of the cyst is usually recommended. 


Parameatal Urethral Cyst 


The parameatal urethral cyst, which appears as a small blister in proximity 
to the urethral meatus, is not a common anomaly (Fig. 8.4) (3/). These cysts 
may result in urinary stream deviation. Complete excision of the cyst under 
anesthesia is the recommended treatment with care taken not to cause meatal 
stenosis. 


b 


Fig. 8.4. Parameatal urethral cyst appearing as a blister (arrow) 
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Cyst of the Median Raphe 


Congenital epidermal cysts form along the median penile raphé on the 
penile shaft and glans, the scrotum, and the perineum (Fig. 8.5) (32, 
33). Unless the cysts are small and asymptomatic, excision is usually 


recommended. 


Fig. 8.5. Median raphe cyst at the penoscrotal junction (arrow). 


Congenital Penile Nevi 


Congenital penile nevi, pigmented lesions of the penile shaft and glans 
(Fig. 8.6), tend to be superficial and benign. The melanocytes of the lesion 


R 


Fig. 8.6. Congenital penile nevus on the penile shaft. 
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can be located only within the dermis, only within the dermal-epidermal 
junction, or within both the dermis and dermal-epidermal junction. These 
lesions should be excised (34). 


ABNORMAL PENILE ORIENTATION 


Penile Torsion 


Penile torsion is a rotational deformity of the penile shaft (Fig. 8.7). This 
penile condition is usually in the counterclockwise direction (i.e., to the left 
side) and the penile size is normal. The orientation of the corporal bodies and 
the corpus spongiosum at the base of the penis are usually normal. Usually 
the condition is unrecognized until the foreskin is retracted or until circum- 
cision is performed, but may be associated with hypospadias and chordee. 
One can suspect penile torsion on physical examination when one sees the 
median raphé usually spiraling obliquely around the shaft. 


Fig. 8.7. Penile torsion with nearly 90-degree counter-clockwise deviation from mid- 
line. Patient also has redundant penile skin after a newborn circumcision. 


Most forms of penile torsion less than 60 degrees from the midline are 
primarily of cosmetic significance. However, correction is typically neces- 
sary if the rotation is at least 60—90 degrees from the midline. Neonatal cir- 
cumcision should be deferred if surgical repair is to be performed since it 
can be performed at the time of penile detorsion. In mild forms of penile 
torsion, rearrangement of the penile skin will usually correct the condition. 
The operation involves degloving the penile skin, rotating the glans in the 
direction opposite to the defect, and suturing the glans to the penile skin 
(35). For more severe forms of penile torsion, the base of the penis must 
be mobilized with the dysgenic fibrous tissue bands incised, and placing 
anchoring sutures at the base of the corpora cavernosa may be necessary 
(36, 37). 
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Penile Curvature 


Curvature of the penis (ventrally, dorsally, or laterally) may be congeni- 
tal or acquired. Circumcision, other penile surgery, or trauma are secondary 
causes of curvature. Penile curvature can have cosmetic significance and 
future sexual difficulties. Penile curvature is most commonly in the ventral 
direction and is referred to as chordee. Chordee may be an isolated condition 
or associated with a dorsal hood of foreskin, but it is commonly associated 
with hypospadias (38). Surgical correction of ventral penile curvature most 
commonly involves degloving the penis with excision of fibrous tissue usu- 
ally confined superficial to Buck’s fascia. Dorsal placation with or without 
Nesbit dorsal excision and urethral reconstruction due to a short urethra may 
be necessary. To confirm complete chordee correction, an intraoperative arti- 
ficial erection with injectable normal saline may be performed. 

Congenital dorsal penile curvature may be an isolated condition, associ- 
ated with a ventral hood of foreskin, and associated with epispadias. Surgical 
principles to repair this condition is similar to correction of chordee, but one 
must be careful to avoid injury to the neurovascular bundles (39, 40). 

Lateral penile curvature can also be congenital or acquired. This form 
of curvature is usually caused by hypoplasia or overgrowth of one corporal 
body, but postoperative scarring or asymmetric penile skin excision are com- 
mon secondary causes. Surgical correction of acquired lateral penile curva- 
ture is similar to the repair of ventral and dorsal curvature. 


MICROPENIS 


Stretched penile length is determined by depressing the suprapubic fat 
pad completely and then measuring the penis from its attachment to the 
pubic symphysis to the tip of the glans. The two conditions that need to be 
differentiated when evaluating what appears to be a small penis are micrope- 
nis and inconspicuous penis. A micropenis is penis that is abnormally small 
while an inconspicuous penis is of normal size. 

Micropenis is defined as a normally formed penis that is at least 2.5 
standard deviations below the mean size in stretched length for age (4/). 
However, the penile length to circumference ratio is usually normal. The 
scrotum is usually fused and often diminutive while the testicles are usually 
small and frequently cryptorchid. The penis of a full-term newborn should 
be at least 1.9 cm long, but the stretched penile length should be compared 
with standards for penile length. 

Micropenis results from a deficiency of gonadotropic hormones dur- 
ing gestation. The etiologies of micropenis are several. The most common 
causes of micropenis are hypogonadotropic hypogonadism (failure of the 
hypothalamus to produce an adequate amount of gonadotropin-releasing 
hormone), hypergonadotropic hypogonadism (primary testicular failure), 
and idiopathic (normal hypothalamic-pituitary-testicular axis) (42). Also, 
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micropenis is often associated with chromosomal abnormalities including 
Klinefelter’s syndrome (47, XXY) and trisomy involving chromosomes 8, 
13, and 18 (4/). 

The initial evaluation should include a thorough medical history and a 
karyotype at birth. Consultation by a pediatric endocrinologist is also usually 
obtained to assist in determining the etiology and evaluating for other abnor- 
malities. Further description of the evaluation and management is beyond the 
purpose of this textbook. 


INCONSPICUOUS PENIS 


An inconspicuous penis refers to a penis with a normal stretched penile 
length and normal diameter of the penile shaft that appears to be small (43). 
There are several forms of acquired and congenital inconspicuous penis, 
including trapped penis, buried penis, and webbed penis (44). 


Buried Penis 


A buried penis is a normally developed penis that is hidden by the supra- 
pubic fat pad. A buried penis, also known as concealed and hidden penis 
(45), can be classified into three categories (46, 47): (J) obesity hiding the 
penis; (2) poor penopubic fixation of the skin at the penile base; and (3) 
trapped penis from cicatricial scarring after a circumcision or other penile 
surgery. 

The congenital form of buried penis is believed to be due to the inelastic- 
ity of the dartos fascia and restricted extension of the penis resulting from 
the penile skin not being attached to the deep fascia (Fig. 8.8). There are 
several causes of the acquired form, including obesity hiding the penis due 
to abundant fat on the abdominal wall, and a trapped penis due to embed- 
ding of the penis in the suprapubic fat pad from scar formation over the 
glans. The latter cause may result from routine circumcision in a baby with 
a webbed penis. Also, this may result from circumcision in children whose 
penile shaft retracts naturally into the scrotum due to the penile skin at the 
base forming a cicatrix over the retracted phallus (Fig. 8.9). This condition 
is different from the transient buried penis resulting from a large suprapubic 
fat pad seen in early childhood (48). The congenital and acquired forms can 
increase the incidence of difficulty voiding, balanitis, proper hygiene, and 
propensity for urinary tract infections (49). 

The treatment options for children with buried penis are dependent upon 
the cause of the condition. Patients with buried penis secondary to obesity 
should be referred back to the primary care provider for an exercise and 
weight loss program to be implemented prior to considering surgical inter- 
vention. Children with secondary cicatricial scarring after penile surgery 
can be managed with the combination of topical betamethasone and man- 
ual retraction (/4) or forceful dilation of the cicatrix with a fine hemostat 
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Fig. 8.8. Buried penis (a), which may be visualized by retraction of the skin lateral to 
the penile shaft (b). 


Fig. 8.9. A trapped penis resulting from a cicatricial scarring resulting from a newborn 
circumcision. 


in the office. If these interventions are not successful, then correction under 
general anesthesia is necessary. The surgical technique is similar to that used 
to correct the congenital buried penis. 

A number of surgical techniques have been described to correct the buried 
penis (46, 47, 50). In moderately severe cases, the dysgenic bands of tissue 
should be removed. This band is usually located on the dorsal surface of the 
penile shaft. The scrotal subcutaneous tissue should be fixed to the ventral 
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aspect of the penile base and the penile shaft subcutaneous tissue should 
be fixed to the pubic fascia. Skin coverage of the penis can be provided by 
several techniques. One technique involves unfurling the foreskin and using 
it for ventral skin coverage. Penoscrotal Z-plasty, island pedicle of ventral 
preputial skin, lateral penile shaft Z-plasty, or skin graft coverage can also 
be used for skin coverage. In the most severe cases, the suspensory ligament 
of the penis can be divided and the suprapubic fat excised or liposuctioned 
(46, 51). Since prepubertal boys may lose their fat pad with growth, liposuc- 
tion should be reserved for adolescent boys. 


Webbed Penis 


Webbed penis is a acquired or congenital condition resulting from the 
scrotal skin extending onto the ventral aspect of the penis. This condition is 
also referred to as penoscrotal fusion. Circumcision and other penile surgery 
are causes of the acquired condition resulting from excessive removal of 
ventral penile skin. An abnormality of the attachment between the scrotum 
and penis result in the congenital form. 

Several surgical techniques have been developed to repair the webbed 
penis. One technique involves the fixation of the ventral penile shaft to 
the scrotal subcutaneous tissue (52). Another technique, which can be per- 
formed separately in combination with the previous technique, involves the 
incision of the web transversely and closure of the skin vertically. Skin 
coverage techniques are similar to those used in the repair of the buried 
penis. 


PRIAPISM 


Priapism is a condition not only affecting the adult male, but also in 
the pediatric population. Priapism, which is commonly painful, is a pro- 
longed penile erection that is sustained for greater than 4 h with the absence 
of stimulation. Priapism can be categorized into three types: (/) Ischemic 
(veno-occlusive, low-flow); (2) stuttering (intermittent) priapism; and (3) 
nonischemic (arterial, high-flow). 

Ischemic priapism is characterized by minimal or no cavernous blood 
flow with hypoxic, acidotic, and hypercapnic cavernous blood gases. The 
corpora are rigid and tender to palpation. This form of priapism is most 
commonly secondary to homozygous sickle cell disease, but is also seen in 
children with leukemia and other malignancies (53, 54). Sickle cell disease 
results in priapism due to red blood cell sickling within the corpora caver- 
nosa during normal erection, resulting in venous stasis and a low-flow state. 
The ischemia that results causes pain. 

Conservative treatment with hydration, oxygenation, analgesia, alkaliza- 
tion, and transfusion with the goal of reducing hemoglobin S concentration 
is the initial treatment of low-flow priapism resulting from sickle cell disease 


172 Palmer 


(55-57). Concurrent therapy includes evacuation of blood and irrigation of 
the corpora cavernosa along with intracavernous injections of a-adrenergic 
sympathomimetic agents (58). More invasive intervention of surgery to 
allow corporal drainage by shunt procedures may be necessary if there is 
a lack of response to medical therapy (57, 59, 60). 

Stuttering (intermittent) priapism, a recurrent form of ischemic priapism, 
lasts less than 2 h with intervening periods of detumescence and is painful. 
This type of priapism is more common than prolonged erections in the 
sickle cell patient. Pseudoephedrine at bedtime can be used to treat stuttering 
priapism. 

Nonischemic priapism, caused by unregulated cavernous arterial inflow, 
results in the penis being neither fully rigid nor painful. A cavernous artery— 
corpora cavernosa fistula, resulting in this form of priapism, usually results 
from trauma (e.g., perineal trauma, such as a straddle injury). Corporal irri- 
gation is diagnostic with the aspirated blood bright red and similar to arterial 
blood on blood gas. The fistula is usually demonstrated on color Doppler 
ultrasonography. Since spontaneous resolution may occur, the initial man- 
agement is observation (58) with superselective embolization of penile and 
cavernous arteries (55, 61—63) if this fails. 


SCROTAL ANOMALIES 


Penoscrotal Transposition 


Penoscrotal transposition may be partial or complete. Terms used to 
describe less severe forms include bifid scrotum and scrotal engulfment. 
Penoscrotal transposition is frequently associated with proximal hypospa- 
dias with chordee (64), sex chromosome abnormalities (65), and caudal 
regression (66). There is a high association of complete penoscrotal transpo- 
sition and a normal scrotum with urinary tract abnormality, including renal 
dysplasia and agenesis (67, 68). Renal ultrasonography and voiding cys- 
tourethrography are recommended in these latter children. 

The steps of surgical repair, which is commonly performed during 
hypospadias repair, involve separating and freeing the penis from the scro- 
tum and moving the penis superiorly while relocating the scrotum to a 
dependent position (69-71). 


Scrotal Hypoplasia 


The underdevelopment of one or both sides of the scrotum is referred 
to as scrotal hypoplasia. This condition most commonly occurs in associ- 
ation with undescended testicles and in infants with ambiguous genitalia. 
An orchiopexy for the child with an undescended testicle can correct the 
former etiology while genital reconstruction may be required in the latter 
condition. 
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Bifid Scrotum 


Bifid scrotum, most often associated with proximal hypospadias, is when 
there is a complete separation of the labioscrotal folds without a median 
raphé. The techniques used to correct this condition is similar to those 
used for repair of penoscrotal transposition, and is usually performed dur- 
ing hypospadias repair. 
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9 Hypospadias 


Warren T. Snodgrass 


Abstract Hypospadias is considered the result of arrested development, leaving 
incomplete urethral formation sometimes associated with ventral penile curvature. 
The minority of cases occurring with other syndromes, or when there is also unde- 
scended testis, warrant a preoperative karyotype to detect intersex disorders. Other- 
wise the only preoperative evaluation needed is assessment of glans size, as there 
may be benefit from preoperative testosterone therapy to increase glans diame- 
ter, usually in proximal hypospadias. Today most primary cases are corrected by 
tubularizing the urethral plate — tissue that should have originally created the ure- 
thra when development stopped. Prepucial flaps remain an option for repair, as do 
planned 2-stage flap or graft procedures. The majority of hypospadias complica- 
tions relate to urethroplasty, most commonly including fistulas, obstruction to the 
neourethra (by meatal stenosis or urethral stricture), or wound dehiscence. Incidence 
varies by technique used and extent of the hypospadias defect (distal versus proxi- 
mal). Reoperative urethroplasty can be accomplished using similar methods as for 
primary surgery, but complication rates are greater. At times excision of scarred tis- 
sues with planned 2-stage graft repairs is required to re-create a neourethral plate to 
subsequently tubularize. 


Keywords Hypospadias - Urethroplasty - Ventral curvature - TIP - Inlay graft - 
Staged buccal graft 


INTRODUCTION 


Hypospadias is the second most common birth defect in males, poten- 
tially affecting both urinary and sexual function of the penis. Correction is 
surgical, and it is commonly stated over 200 operations are described for 
urethroplasty. New understanding of the anatomy of hypospadias during 
the last 20 years has led to changes in both means for straightening asso- 
ciated ventral curvature and performing urethroplasty, while also improving 
cosmetic outcomes. Today pediatric urologists are much nearer the goal of 
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correcting hypospadias by creating a penis with satisfactory function and 
normal appearance. This chapter reviews current aspects in diagnosis and 
management of hypospadias for the general urologist. 


ETIOLOGY 


Incomplete fusion of the urethral folds is considered the underlying cause 
for hypospadias. The key period for the indifferent genital tubercle to mas- 
culinize is from the 9th to 12th gestational week. Testosterone from the fetal 
testes stimulates closure of the urethral folds through conversion by 5 alpha 
reductase II to dihydrotestosterone, which then binds to androgen receptors 
to initiate a cascade of down-stream effects. 

Formation of the prepuce lags behind urethral development, and is not 
completed until the 20th week. 

Hypospadias represents arrested penile development. Consequently, the 
urethral opening can occur from the perineum, where fusion of urethral folds 
begins, to the proximal glans near the point this fusion normally is com- 
pleted. The epithelial strip extending from the meatus to the tip of the glans 
is referred to as the urethral plate, representing tissues that should have com- 
pleted urethral tubularization. The glans does not fuse ventrally under the 
meatus, resulting in two “wings” to either side of the urethral plate. Along 
the shaft, the corpus spongiosum diverges along the lateral margins of the 
urethral plate to join ipsilateral glans wings. Typically, there is no frenulum, 
and ventral prepucial development is incomplete whereas the dorsal aspect is 
formed, creating a dorsal hood. Ventral curvature of the penis may be noted, 
especially with more proximal hypospadias. 

Defects in the hormonal processes of masculinization have long been 
implicated in hypospadias. Various studies have reported abnormalities in 
each of the basic steps in testosterone production and action, but generally 
such defects are found in less than 10% of patients. An increased risk fol- 
lowing in vitro fertilization has been reported, and is thought due to pro- 
gesterone administered early in these pregnancies. Increasing incidence of 
the condition has been attributed to environmental estrogens and proges- 
terones or other disruptive factors. Low birth weight, twins, and maternal age 
greater than 35 years are associated with increased likelihood for hypospa- 
dias. Genetic factors are implicated by the observation that the likelihood 
a boy will have hypospadias increases to approximately 10% if father or 
sibling is affected. 


INCIDENCE 


Hypospadias occurs in approximately 0.7% of males. Prior to the 1970s 
data from several sources agreed the defect occurred in 1 of 300 boys; how- 
ever, subsequent reports from both Europe and the US indicate a doubling 
of this rate to 1 in 150. 
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ASSOCIATED CONDITIONS 


The majority of boys with hypospadias have no other associated anoma- 
lies. Cryptorchidism reportedly occurs in approximately 5% of distal and up 
to 32% of proximal cases. 

The finding of both hypospadias and cryptorchidism indicates possible 
intersexuality, warranting a karyotype. Intersex conditions occur in approx- 
imately 15% of these patients, increasing to 50% if at least one testis is not 
palpable (/). Most common findings are mixed gonadal dysgenesis or true 
hermaphroditism (ovatesticular disorders of sexual differentiation). 

Hypospadias also occurs in various syndromes, often associated with 
cryptorchidism. 


DIAGNOSIS 


In most cases the diagnosis is readily determined by inspection of 
the penis, with attention called to the anomaly in the newborn nursery 
by the incomplete prepuce. However, not all boys with a hooded fore- 
skin have hypospadias, as the urethral meatus can be normally positioned 
despite an incomplete prepuce. Boys with hypospadias occasionally also 
have torsion of the penis, most often twisted toward the left. Penoscrotal 
transposition may be noted, especially with proximal shaft to perineal 
hypospadias. 

A variant of distal hypospadias termed the megameatus intact prepuce 
(MIP) presents with a normal foreskin, and so may not be detected until 
circumcision is performed or the skin becomes retractable. Past authors 
describing this entity stressed practitioners performing circumcision needed 
to be wary of concealed hypospadias, resulting in some newborn circumci- 
sions being stopped only to subsequently discover a normal urinary meatus. 
However, prepuce is not needed for urethroplasty in these patients and so 
newborn and intraoperative circumcisions can be completed despite find- 
ing unexpected concealed hypospadias (2), with the patient subsequently 
referred to a pediatric urologist for urethroplasty. 


PREOPERATIVE EVALUATION 


Because hypospadias most often is an isolated anomaly, the majority of 
patients need no investigation beyond confirmation of the defect on physical 
examination. As mentioned above, the additional finding of cryptorchidism 
should prompt karyotyping. Imaging of the kidneys is not necessary since 
disordered penile development begins after renal formation. Similarly, lower 
tract imaging is also unnecessary, even in proximal cases where the most 
common finding is an enlarged prostatic utricle that rarely has clinical 
significance. 
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INDICATIONS FOR SURGERY 


Hypospadias can result in an abnormal urinary stream, while ventral cur- 
vature can impair intromission and a proximal meatus can prevent nor- 
mal semen deposition. The abnormal foreskin found in most cases also 
calls attention to the anomaly since the penis appears neither natural nor 
circumcised. 

Normal voiding depends upon fusion of the glans over the urethra to direct 
the stream forward and focus it without lateral spaying. Urethral defects 
proximal to the glans cause difficulties aiming the stream and increase the 
likelihood of spraying. Glanular hypospadias with separated glans wings is 
likely to result in similar voiding disturbances, while those cases with fusion 
of at least 2 mm of glans proximal to the meatus should be able to void 
satisfactorily without urethroplasty. 

Ventral curvature is found in approximately 15% of boys with distal forms 
of hypospadias, and in over 50% of those with the meatus on the proximal 
penile shaft or in the scrotum or perineum. Bending in distal cases most often 
is less than 30 degrees and will not prevent intercourse, whereas curvature 
greater than 30 degrees more often found in proximal cases may preclude 
penetration. 

Proximal cases additionally may have deep midline clefts in the scrotum 
and/or transposition of the scrotum higher than usual alongside the penile 
shaft. These findings combine with downward curvature of the penis to cre- 
ate a feminized appearance to the external genitalia. 

Given these concerns and modern outcomes of surgical correction, ure- 
throplasty is recommended for all but those glanular cases with adequate 
glans fusion. Circumcision or foreskin reconstruction is indicated for the 
foreskin anomaly in boys with hypospadias and those with isolated hooded 
prepuce. 


PREOPERATIVE HORMONE STIMULATION 


No study confirms benefits of preoperative androgen therapy before 
hypospadias repair. Use has been advocated for the small appearing penis 
and/or glans, to potentially reduce ventral curvature, and to improve vas- 
cularity to skin before reoperations. Of these, the most common reason for 
androgen stimulation is to increase the size of the penis, and studies doc- 
ument at least temporary penile growth and increase in glans circumfer- 
ence (3). 

Both topical and parenteral testosterone therapy have been used, with no 
apparent advantage to either route of administration. Parenteral regimens uti- 
lize testosterone enanthate 2 mg/kg given IM 5 and 2 weeks preoperatively, 
or every 3—4 weeks for three injections. Testosterone enanthate 2 mg/kg/wk 
can be administered topically twice daily for 3 weeks. 
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TIMING OF SURGERY 


A report from the American Academy of Pediatrics in 1996 (4) suggested 
the optimal time for elective male genital surgery is between 6 and 
12 months. However, significant phallic growth is apparent in most infants 
by 3 months, presumably due to the postnatal testosterone surge that 
peaks around the 2nd month. Furthermore, from an anesthetic perspec- 
tive, day surgery is safely accomplished after the 50th gestational week (5). 
Consequently, hypospadias repair can be scheduled in healthy term babies 
at 3 months, which may confer a benefit in that there often is less peripenile 
fat between 3 and 6 months than between 6 and 12 months. 


SURGICAL REPAIR 


During the past 15 years the number of different procedures performed for 
various extents of hypospadias had diminished considerably, and a current 
algorithm for decision-making is shown in Fig. 9.1. 


Algorithm for Hypospadias Repair 
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Fig. 9.1. Algorithm for hypospadias repair. 


Distal Hypospadias 


A recent survey of pediatric urologists indicated the most commonly used 
technique for distal repairs is TIP (6). This procedure involves tubulariza- 
tion of the urethral plate facilitated by midline incision to achieve a satis- 
factory neourethra caliber without skin flaps (Fig. 9.2). Since flaps are not 
used the prepucial hood can either be removed by circumcision or ventrally 
approximated for foreskin reconstruction according to family preference (7). 


182 Snodgrass 


y ah W 
c Ss : 
a d Ts d` 


Fig. 9.2. Distal Repair. a: Skin incision for circumcision. b: Skin incision for foreskin 
reconstruction. ¢: Glans wings separated from urethral plate. d: Incising the urethral 
plate. e: Urethral plate tubularized over stent. f: Dartos pedicle brought ventrally to cover 
neourethra. g: Glansplasty beginning at neomeatus. h: Skin coverage completed with 
circumcision or foreskin reconstruction. 


A urethral stent diverts urine into diapers for approximately 1 week after 
surgery. 

Unlike prior techniques such as meatoplasty and glansplasty (MAGPI) or 
flip-flap, TIP can be used without concern for specific anatomic variations 
in the meatus and urethral plate (8). Of available procedures it most reliably 
creates a vertical, slit meatus and normal appearing glans. 


Proximal Hypospadias 


TIP can also be used to correct midshaft hypospadias and many cases 
with more proximal defects (Fig. 9.3). The main contraindication is ven- 
tral curvature resulting in urethral plate transection to facilitate straighten- 
ing. In a series of consecutive patients all with midshaft and approximately 
two-thirds with proximal shaft to perineal hypospadias were corrected by 
TIP, while the remainder with proximal defects had urethral plate transec- 
tion. The main alternative to TIP when the urethral plate is maintained is 
onlay flap (Fig. 9.4), but if the plate is transected either a 1-stage tubularized 
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Fig. 9.3. TIP for proximal hypospadias. a, b: Skin incision preserves urethral plate. 
c: Midline incision of urethral plate. d: Tubularization of urethral plate. e: Spongioplasty 
approximates corpus spongiosum over neourethra before a dartos or tunica vaginalis 
barrier flap is added. 


prepucial flap (Fig. 9.5) or 2-stage flap (Fig. 9.6) or graft urethroplasty is 
required. 

Because the penis and scrotum derive from different embryologic sources 
scrotoplasty to correct midline clefts and penoscrotal transposition can be 
performed during hypospadias repair without vascular compromise to either 
structure. 


Correcting Penile Curvature 


Although corporal disproportion was implicated in the etiology of cur- 
vature near the beginning of hypospadias surgery, the prevailing theory 
held that fibrous bands of dartos and corpus spongiosum tethered the penis 
ventrally. Straightening was achieved by excising these “chordee” tissues, 
which included what is now termed the urethral plate. However, a number 
of embryonic and histologic studies have challenged this view, and today it 
is widely accepted the penis is bent due to arrested development rather than 
from abnormal tissues. 

When the penis develops with curvature, all tissues on the ventral aspect 
may be relatively shortened, including shaft skin, dartos, corpus spongio- 
sum, urethral plate, and corpus cavernosa. Most apparent curvature resolves 
when the shaft skin is released during degloving, sometimes facilitated by 
excision of dartos. While excision of the corpus spongiosum and urethral 
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Fig. 9.4. Onlay preputial flap. a, b: A rectangular flap of appropriate length and a width 
of approximately 8—10 mm is cut from the inner prepuce, maintaining its blood supply. 
c: The flap is rotated ventrally and sutured to the urethral plate. The pedicle of the flap 
is used to cover the neourethral suture lines. 


plate may also lessen curvature, in most cases some extent of curvature per- 
sists due to corpora cavernosa disproportion (9). 

Bending less than 30 degrees can be readily straightened by midline dor- 
sal plication popularized by Baskin (/0). Typically curvature greater than 
30 degrees after degloving and excision of dartos has led to transection of 
the urethral plate with subsequent ventral corporal grafting. However, the 
plate can instead be elevated from the underlying corpora and grafting then 
performed while maintaining the plate for urethroplasty (//). Dissection to 
release the urethral plate can also be continued along the proximal formed 
urethra to the bulb to facilitate penile straightening without transecting the 
plate (/2). 


COMPLICATIONS 


Most complications after hypospadias repair result from urethroplasty. 
Less common is recurrent ventral curvature. Problems related to skin clo- 
sure generally have received the least attention. While there is some vari- 
ation in complication rates among various surgical techniques, generally 
the likelihood of problems is best predicted by severity of hypospadias 
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Fig. 9.5. Tubularized preputial flap. a: A rectangular flap of appropriate length approx- 
imately 14 mm wide can be harvested from the inner prepuce. b: Following resection 
of the urethral plate, the flap is mobilized and then tubularized over a stent. c: The 
neourethra is rotated ventrally, placing the suture line against the corpora cavernosa. 


corrected. It should also be noted that the presence of any complication 
should prompt search for additional problems, for example, patients with fis- 
tulas need to also be evaluated for distal obstruction and diverticulum. Most 
complications require further surgery to correct, which typically is delayed 
for 6 months or longer to allow tissue reaction from earlier surgery to 
subside. 


Fistulas 


The most common problem after hypospadias urethroplasty is urethro- 
cutaneous fistula. While the cause is uncertain, overlapping suture lines 
between urethroplasty and skin closure is widely believed a contributing fac- 
tor. Steps thought to decrease risk for fistula development include subepithe- 
lial sutures to turn epithelial edges into the neourethra, 2-layer urethroplasty, 
and interposition of tissue flaps, including dartos, corpus spongiosum, and/or 
tunica vaginalis, between the neourethra and shaft skin closures. 

During fistula repair meatal stenosis and urethral stricture have to 
be excluded as causative factors. Diverticulum may also be associated 
with increased risk for fistula. Patients with a single fistula may have 
additional leaks discovered when the neourethra is distended with fluid 
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Fig. 9.6. Two-stage hypospadias repair. a: The initial U-shaped skin incision preserves 
the urethral plate. b: Removal of the shaft portion of the urethral plate. c: Prepuce is 
incised dorsally to rotate skin to the ventrum. d: The first stage is completed using sub- 
cuticular stitches. e: Lines of incision for the second stage. The glanular incisions are 
the same as those used in distal TIP urethroplasty, with the outer incisions separating the 
glans wings from the urethral plate while the midline relaxing incision widens the plate. 
f: The incisions are completed and the neourethra will next be tubularized over a stent. 
g: The completed repair. 


intraoperatively. Repair involves excision of the fistula tract, subepithelial 
closure of the hole in the urethra, and coverage of the defect with a tis- 
sue flap. 

A special situation involves fistulas at the coronal margin. Those occur- 
ring with only a thin bridge of tissue holding the glans wings together require 
reoperative urethroplasty/glansplasty, whereas those with more solid glans 
wings fusion can undergo routine fistula repair. 


Meatal Stenosis 


Meatal stenosis may result from technical errors, such as tubularizing 
the neourethra too far distally, or from vascular compromise. These usu- 
ally result in early detection of stranguria within a few months of surgery. 
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Late presentation a year or more after apparently successful repair raises 
concern for balanitis xerotica obliterans (B XO), especially if the meatus has 
a white discoloration. Meatal stenosis may best be corrected by excision of 
scarred tissues with staged graft urethroplasty, and this approach using buc- 
cal mucosa is required when BXO is diagnosed. 


Urethral Stricture 


Neourethral strictures most commonly occur at the proximal anastomosis 
to the native urethra, especially when tubularized prepucial flaps are used. 
They may also develop subcoronally. Uroflowometry typically will demon- 
strate a peak flow less than 5 cc/s with a plateau-shaped curve, and the diag- 
nosis is confirmed by endoscopy. Urethrography can be considered, but a 
catheter may be difficult to pass after skin flap urethroplasty; even in the 
absence of obstruction. 

Anastomotic strictures may be very short diaphragms less than 2 mm in 
length, and these warrant a single attempt at correction by optical urethros- 
tomy. Recurrent or longer strictures may best be repaired using single stage 
dorsal inlay grafts. 


Urethral Diverticulum 


Ballooning of the neourethra may indicate too large a skin flap was used 
in urethroplasty, or distal obstruction. Even when excessive skin was not 
used and distal obstruction is not found, the normal resistance to urine flow 
that results in glans envelopment of the distal urethra can prompt expansion 
of prepucial flaps to create a diverticulum. 

Excision of the excessive skin corrects the defect, and recurrences are 
unusual. 


Wound Dehiscence 


Partial or complete wound disruption may occur after hypospadias repair 
and usually is noted when the patient returns for removal of the urethral 
catheter. Potential causes for dehiscence include tension on suture lines, use 
of rapidly dissolving sutures such as chromic catgut, and use of a large ure- 
thral catheter. Most often there is no apparent reason for glans dehiscence. 
Reoperation is performed 6 months later. 


HYPOSPADIAS REOPERATIONS 


Techniques for primary hypospadias repair have also been used for reop- 
erations, although complication rates are consistently increased, presumably 
due to impaired tissue vascularity after prior operation. 
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Tip 
TIP reoperation has been reported most often after 1—2 failed prior 
surgeries, and it probably should not be considered if the urethral plate 
appears grossly scarred. Incidence of fistulas increases if a tissue barrier flap 
is not placed over the neourethra (/3). Complication rates average approxi- 
mately 20%. 


Inlay Grafting 


If a healthy appearing skin strip can be maintained in reoperations, mid- 
line incision as with TIP can be used to widen it and the resultant defect 
filled with a skin or buccal mucosal graft (Fig. 9.7). The neourethra is then 
tubularized and covered with a barrier layer for single stage repair (/4). This 
technique should not be used when there is suspicion of BXO in the urethra. 


TT) 
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Fig. 9.7. Inlay graft. a: A strip of skin is outlined as a neourethral plate. b: A midline 
relaxing incision widens the skin strip. c: The midline defect is filled with a buccal graft. 
d: The graft is quilted into place to increase the likelihood for revascularization. e: The 
skin strip is tubularized. 


Staged Buccal Grafts 


When there is gross scarring of the urethral plate or ventral skin, extensive 
hair in the neourethra, BXO, or persistent ventral curvature, excision of all 
scarred tissues, creation of a proximal urethrostomy and staged buccal graft 
urethroplasty can be used to replace the entire neourethra (Fig. 9.8). After 
an interval of approximately 6 months, second-stage tubularization of the 
now-vascularized tissue completes the repair. Graft take is reliable despite 
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Fig. 9.8. Buccal Graft. a: Unhealthy neourethra is incised back to healthy urethra. 
b: Scarred tissues are excised along the ventral penile shaft. c: Midline fibrotic tissues 
are removed between glans wings creating a deep glanular groove. d: Buccal graft is 
quilted into place from the proximal urethrostomy to the tip of the glans. e: The second 
stage begins with a “U”-shaped incision. f: The buccal strip is tubularized in two lay- 
ers; in-turning the epithelium. g: Dartos or tunica vaginalis flaps cover the neourethra. 
H: Glansplasty and skin closure is completed. 


multiple failed operations, facilitated by quilting the buccal tissue directly to 
the tunica albuginea of the corpora cavernosa. Advantages of this approach 
are avoidance of skin flaps in cases when there often is a paucity of skin 
remaining, ability to directly observe the take of the graft between stages, 
and establishment of a deep glans groove to ensure a vertical, slit meatus. If 
contracture of the graft occurs either an inlay graft can be performed at the 
second stage, or if fibrosis precludes this the involved area can be excised 
and re-grafted in an interval step before creation of the neourethra. Staged 
buccal grafting simplifies repair of hypospadias cripples regardless of the 
number of prior operations and extent of penile scarring (/5). 


LONG-TERM RESULTS OF HYPOSPADIAS REPAIR 


There is little long-term data available for any of the operations dis- 
cussed above in common use today. Throughout the history of hypospadias 
repair continued evolution of techniques has often resulted in new operations 
being applied and then discarded before long-term results are determined. 


190 Snodgrass 


Furthermore, most operations in the US are performed in the first year of 
life, and it is not reasonable to expect data to be available on more than a 
sampling of these patients after they complete puberty. 

A single report (/6) of teens and men operated during childhood mostly 
for midshaft to proximal hypospadias using tubularized prepucial flaps 
found most satisfied with the appearance and function of their penis, 
although nearly all had some spraying of their urinary stream, a weak stream, 
and/or terminal dribbling. In addition, half those experiencing ejaculation 
had to milk semen from the urethra. These outcomes are not surprising, 
given that skin tube neourethras inevitably are irregular and lack corpus 
spongiosum. Whether tubularized urethral plates covered by corpus spon- 
giosum and without skin flaps will give different long-term results is not yet 
known. 
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l 0 Varicoceles, Hernias, 
and Hydroceles 


Ross Bauer and Barry A. Kogan 


Abstract Varicoceles, hernias, and hydroceles are three common presenting 
complaints seen by urologists. Varicoceles are found in about 15% of the adoles- 
cent population. Varicoceles are easy to diagnose on physician examination by a 
primary care provider and are almost always asymptomatic. Treatment is needed 
only to improve fertility, which is not an issue for most teens. Further, semen anal- 
ysis is difficult to obtain and of questionable utility in the adolescent population, 
hence treatment should be approached with caution. At this time, persistent vol- 
ume discrepancy is the principle indication for surgical intervention. For most, rou- 
tine annual or biennial physical examination for testicular volume should suffice. 
Pediatric hernias and hydroceles are also a common occurrence and are evaluated 
routinely in the urologist’s office. The overall incidence of pediatric inguinal hernias 
ranges from 1 to 4%, with the incidence being 10x greater in males than females. 
Standard of care is open repair through an inguinal incision with high ligation of 
the hernia sac. Laparoscopic inspection of the contralateral internal ring through the 
patent processus vaginalis is a useful adjunct. 


Keywords Hernia (direct and indirect) - Hydrocele (communicating and non- 
communicating) - Varicocele - Pediatric. Adolescent - Infertility - Processus 
vaginalis - Laparoscopy 


VARICOCELE 


Introduction 


Varicoceles are the most correctable cause of male infertility. They are 
present in 15% of the normal population and in 40% of men with infertility 
(/). Varicoceles are an abnormal dilation of the pampiniform venous plexus 
and internal spermatic vein and are often classified as clinical or subclini- 
cal. They are predominantly left sided, are rarely observed before puberty, 
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and in certain cases are associated with ipsilateral testicular loss. There is 
a strikingly high incidence in early-mid teens, with ranges from 19 to 26% 
being reported and again 90% of the time they are on the left side (2). Since 
the incidence is high and varicoceles are easy to diagnose on physical exam- 
ination by a primary care provider, the urologist must be prepared to deal 
with a large number of asymptomatic teens with this condition. 


Detection of Varicoceles 


All patients should have a complete history and physical at their initial 
evaluation. Varicoceles are almost always asymptomatic. Some boys may 
state that they have felt a painless sac adjacent to their testicle. Many will 
be diagnosed by their primary care physician and most will probably not 
be diagnosed as many primary care physicians fail to examine their patients 
in the upright position. Rare patients complain of “discomfort,” some of 
which may be related to a feeling of being different. The physical exam 
should be done in both the supine and upright position (/). If there is trou- 
ble palpating a suspected varicocele, the patient may be asked to perform 
a valsalva maneuver to help in palpation. Most often the varicocele is an 
incidental finding found by the physician on physical exam in the upright 
position, classically being described as “a bag of worms” (2). Most varico- 
celes should decompress when the boy is supine and hence may be missed 
on examination only in the supine position. The rare varicocele that remains 
large in the supine position is suspicious for an obstruction of the left renal 
vein and the left kidney and retroperitoneum should be imaged, generally 
with ultrasound. This is also appropriate if the boy has hematuria in addition 
to a varicocele. 

Varicoceles are graded based on physical exam findings as follows: 


— Grade 1: Palpable only during valsalva maneuver 
— Grade 2: Palpable without any maneuver 
— Grade 3: Visible to the examiner’s eye (2) 


The measurement of testicular volume is an important part of the phys- 
ical exam in order to help assess whether there are any testicular effects 
of the varicocele. Several methods are available to measure the size of the 
testis, including visual comparison, calipers, Prader orchidometer (compar- 
ative ovoids), Takahira orchidometer (disk elliptical rings), and ultrasound. 
Measurement of testis volume is assessed accurately and reproducibly by 
using either a Prader or disk orchidometer, or ultrasound (3). Ultrasound 
has been thought to be the most reliable. In clinical studies comparing 
Prader orchidometer and ultrasound in adolescents with a varicocele, 24% 
of patients with growth arrest would have been missed and 14% would 
have been identified falsely to have a significant size discrepancy if mea- 
sured by Prader orchidometer alone (3). Ultrasonographic findings are con- 
sidered positive if there is the presence of multiple veins >3.0-3.5 mm 
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with concomitant reversal of flow after Valsalva (4). Unfortunately, during 
puberty there are limited data on normal testicular growth and no evidence 
that both testicles develop at the same rate over the same time. Hence in 
teens, the diagnosis of a testicular effect of the varicocele is particularly 
problematic. Given this, the pediatric urological community has come of 
with guidelines, albeit, somewhat arbitrary ones. In general, if the affected 
testicle has a volume discrepancy of 2 ml or greater, or if there is a >20% 
difference between the contralateral and affected testicle this is considered 
significant. Without long-term follow-up it is difficult to determine whether 
the size difference is due to failure to grow during puberty or whether it is 
due to loss of volume, hence the term generally used is hypotrophy (5). In 
our practice, we use the Prader Orchidometer to assess for testicular volume 
in-office. The orchidometer is an easy and quick way to assess for testicular 
volume initially and provides a simple way to assess changes to testicular 
size over time. Ultrasound may be somewhat more accurate quantitatively, 
but is vastly more expensive. Although controversial, we feel that signifi- 
cant changes in testicular size can be found with the Prader orchidometer. 
If a difference in size is not appreciated on physical examination and can 
only be determined by ultrasound, we do not feel it is likely to be clinically 
relevant. 

Subclinical varicoceles have also received attention in the literature. 
Subclinical varicoceles are not identifiable on physical exam and can only 
be seen on ultrasound. A subclinical varicocele is an abnormality of testic- 
ular blood flow characterized by measurable venous reflux without a clini- 
cally detectable varicocele (6). Subclinical varicoceles have, in adults, been 
associated with stress parameters on semen analysis. As in clinical varic- 
oceles, subclinical varicoceles may also be associated with decreased tes- 
ticular volume. Cervellione and associates found that 17% of normal boys 
screened had subclinical varicoceles and that 28% progressed later to clin- 
ical varicoceles, although their high index of suspicion may have altered 
the results. They advocate that children with subclinical varicoceles are 
in need of long-term follow-up (6). If one truly believes this theory, all 
boys would need to be screened with ultrasound for subclinical varicoce- 
les. At this time in our practice we do not routinely check boys for sub- 
clinical varicoceles and we are not convinced that there is any value in 
this. Further prospective studies will help elucidate the need for testing and 
follow-up. 


Risk Factors 


Which adolescents are at risk for varicocele formation? There are 
numerous theories present in the literature. The predominance of left-sided 
varicoceles and the unique anatomy of left testicular vein are the basis for 
several theories explaining the cause of the disease. The “nutcracker effect” 
is thought to occur when the left renal vein is compressed between the 
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superior mesenteric artery and aorta, proximal to the point where the left 
testicular vein inserts. The subsequent increase of the hydrostatic pressure 
could result in varicocele formation. Other theories include increased arte- 
rial blood flow to the testis at puberty exceeding the venous capacity and/or 
elevated levels of nitric oxide in the plexus pampiniformis. A more likely 
cause for the development of a varicocele in the adolescent is an incom- 
petent venous valve system. If the former explanations are true, it is hard 
to explain why ligating the veins completely in the retroperitoneum is an 
effective treatment, yet this fits well with the latter explanation. 

There seems to be a genetic susceptibility, considering that 50% of first- 
degree relatives and 70% of brothers of men with varicocele also had a pal- 
pable varicocele. In a study from Bulgaria, increased height, penile length, 
and penile circumference were associated with increased risk of varico- 
cele, whereas increased BMI had a protective effect (7). We have also 
found that tall, thin boys are more prone to a varicocele (although it has 
been argued that varicoceles may simply be harder to diagnose in obese 
boys) (8). 

Classic teaching states that 45% of infertility is due to male factors. 
Varicoceles are the number one correctable cause of male infertility and 
many estimate that 40-50% of male factor infertility is due to varicoceles. 
In adults, semen samples from infertile men with varicoceles have shown 
decreased motility in 90% of patients. Sperm concentrations of less than 
20 million sperm per milliliter were also found in 65% of the patients. 
Abnormalities in sperm morphology, including increased numbers of amor- 
phous cells and immature germ cells, have also been found in infertile men 
with a varicocele (9). 

Multiple theories are present to explain the mechanism for how a varico- 
cele is able to disrupt normal testicular function. Despite extensive research, 
the exact cause of infertility in men having a varicocele is still not known. 
Alterations in temperature, hemodynamics, reactive oxidative species, and 
antioxidant concentrations have all been demonstrated to produce deleteri- 
ous effects on spermatogenesis. Any one or all of these factors may play a 
role in infertility (70). The most likely explanation is that the venous con- 
gestion leads to higher testicular temperatures. For teens in particular, the 
pathophysiology is likely to extend over many years. In current medical 
practice, impairment of semen parameters, particularly sperm count, motil- 
ity, and morphology, suggest that a varicocele might be clinically relevant 
(11). Unfortunately, obtaining a semen analysis is not generally feasible in 
teens, especially early teens. Interest has focused on adolescents with varic- 
oceles because of the significant improvement of the sperm concentration 
and motility seen in adults after varicocele treatment in the face of infertil- 
ity. The basic, as yet unanswered question is, “can early varicocelectomy be 
preventive?” Indeed, varicocelectomy in the adolescent population has been 
proposed as a therapeutic intervention both to preserve fertility and to pre- 
serve testicular growth (7). For obvious reasons, data confirming that this 
intervention is beneficial are limited. 
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Adolescents and Varicoceles 


Idiopathic varicocele is one of the most common andrologic diseases 
in hypofertile males, influencing male reproductive capacity by affecting 
semen quality and quantity. Many studies have described the relationship 
between varicocele and hypofertility/infertility. In adults, varicoceles are 
identified often during the workup for infertility and semen samples are 
obtained. Varicocelectomy has been shown to increase motility, morphol- 
ogy, and sperm concentration in both the adolescent and adult population 
(5, 11). In adolescents, sonographically derived volume differentials greater 
than 10-20% between normal and affected testes has been shown to cor- 
relate with a significantly decreased sperm concentration and total motile 
sperm count (5, /2). Unfortunately in the pediatric age group, most varico- 
celes are detected incidentally and in teenagers it is often not possible to per- 
form a preoperative semen analysis. Also, there are limited data to determine 
normal semen parameters in the pediatric population (2). For this reason, 
there are no references or predictive values for comparison with the pre- 
or post-operative semen analysis to determine whether there is any func- 
tional improvement related to the varicocelectomy. Very often, an empirical 
approach is used to decide how to treat varicocele because its early treatment 
may prevent hypofertility/infertility. 

Varicocelectomy is performed if the homolateral testis develops hypotro- 
phy or if pain is present (/3). Zampieri et al. reported that testicular hypotro- 
phy is the most objective indicator for surgical repair (/4). In adolescents 
with ipsilateral testicular hypotrophy, it has also been shown that catch- 
up growth can be readily achieved in 50-80% of adolescents after varico- 
celectomy (/5—/8). Whether varicocelectomy is truly preventive of future 
infertility remains to be elucidated. Certainly, caution should be used in 
choosing surgery in these patients as there are no randomized long-term 
studies demonstrating a benefit. 


Conclusion 


Varicoceles are found in at least 15% of the adolescent population and 
are a frequent issue for the urologist. As they are asymptomatic and because 
semen analysis is difficult to obtain and of questionable utility, treatment 
should be approached with caution. At this time, persistent volume discrep- 
ancy is the principal indication for surgical intervention. For most, routine 
annual or biennial physical examination for testicular volume should suffice. 
Semen analysis can be offered in older teens though it is not fully clear that 
the results should be used as an indication for surgery. 


HERNIA 


Introduction 


Pediatric hernias are a common occurrence and are evaluated routinely 
in the pediatric urologist’s office. The vast majority of pediatric hernias are 
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inguinal, and the majority of these hernias are indirect. The overall incidence 
of pediatric inguinal hernias ranges from 1 to 4%, with the incidence being 
10x greater in males than females (/9). 

The genetics of inguinal hernias are also poorly understood but there 
seems to be a genetic risk for siblings of patients with inguinal hernias. In 
general, the risk for brothers of a sibling is around 4-5 times the risk for a 
sister of an affected brother (20). Multiple genetic theories have been sug- 
gested, but no definitive connection has been validated. 


Pathophysiology 


Indirect inguinal hernias in children are an arrest of embryologic develop- 
ment rather than an acquired weakness. The formation of inguinal hernias in 
children is directly linked to descent of the developing gonads. The descent 
of the testes from the embryologic retroperitoneum begins early in gestation. 
As the mesonephros ascends into its usual position in the retroperitoneum, 
the testes remain at the level of the internal ring (2/). During the third month 
of gestation the peritoneal lining of the abdominal cavity, which is the pro- 
cessus vaginalis, protrudes out of the internal ring following the gubernac- 
ulum. The gubernaculum attaches to the base of the scrotum in males and 
the labia majora in females (22). During weeks 28-36, the final descent of 
the testes into the scrotum occurs. In normal development, the processus 
vaginalis closes after testicular descent, obliterating the peritoneal opening 
of the internal ring between the 36th and 40th week of gestation. This por- 
tion of the processus vaginalis obliterates, except for the part that becomes 
the tunica vaginalis. If the processus fails to obliterate, there is an opening 
between the peritoneal cavity and the scrotum, providing a channel for fluid, 
bowel, and omentum to pass (22). If the opening in the processus vaginalis 
is small, a hydrocele will develop (refer to section on hydrocele for further 
discussion). If the opening is large enough, bowel or omentum may pass, 
resulting in a hernia. 

There is some confusion regarding the nomenclature of inguinal hernias 
in the pediatric population, as some believe that a patent processus vaginalis 
is the same as an inguinal hernia. Although a patent processus vaginalis is 
required for hernia formation, the presence of a patent processus vaginalis 
does not always mean a hernia is present. The classic teaching has been 
that approximately 20% of boys have a patent processus vaginalis at 2 years 
of age (2/). It is assumed that closure will continue during childhood for 
some patients, but there are no firm data to support this. Certainly, some 
of these 20% will develop clinically significant symptoms and will require 
operative intervention. In a 2007 study from the Netherlands, over 300 adults 
undergoing unilateral hernia repair were followed. During surgery all had 
laparoscopic exploration of the contralateral internal ring. In 12% of these 
patients there was a patent processus vaginalis. These patients were then 
followed for an average of 5.5 years and inguinal hernias developed in 12% 
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of adult patients with a patent processus vaginalis. This is a rate four times 
greater than in the adults in the study who had a closed ring (23). This study 
suggests that, in adults, a patent processus vaginalis has significant risk of 
developing a hernia. One would guess that this risk would be increased in 
children who may live 80 years after the discovery of a patent processus, but 
that data are not available. 


Diagnosis 


Diagnosing an inguinal hernia may be difficult in the pediatric popula- 
tion. Most often the child presents with a “bulge” or the parents states that 
a bulge is present with activities that increase intra-abdominal pressure, i.e. 
coughing, laughing. The bulge disappears when intra-abdominal pressure 
returns to normal. In older children the hernia may be apparent during the 
day and disappear at night. Sometimes the lesion is only reported by the 
parent but is not seen or felt during examination. There are many ways to 
elicit an increase in pressure to identify the hernia. For children that are old 
enough, asking them to cough is a quick and easy way. For children too 
small to cough on command or those that do not follow directions, other 
methods can be used to increase intra-abdominal pressure. For babies, hold- 
ing their legs and arms gently against the examination table so they cannot 
move usually elicits a crying response. For slightly older children tickling 
them to make them laugh or having them blow up balloons (i.e., exami- 
nation gloves) will increase intra-abdominal pressure (24). Sometimes the 
physician can elicit the “silk glove sign.” This name refers to the feeling of 
silk rubbing against silk and describes the movement of the layers of the 
processus vaginalis around the spermatic cord. The accuracy of the “silk 
glove sign” is highly variable and dependent on the observer. In some cases 
it is felt to be very good. Most recently a study from Taiwan prospectively 
reviewed their experience of 1,040 pediatric patients with inguinal hernias. 
A total of 180 (19.8%), of whom 154 were boys and 26 were girls, had a 
positive silk glove sign. Their sensitivity for detection of hernia was 93.1% 
and the specificity was 97.3% (25). In our experience, this is likely to be an 
overestimate of its usefulness. At this time in our practice we use the silk 
glove sign as a complement to hernia evaluation but would not recommend 
surgical intervention based on it alone. In some instances determination of 
the presence of a hernia is based solely on the history given by the par- 
ents. In our practice we do repair hernias based on parents who are good 
historians, although visualized evidence is always preferred. We encourage 
parents to obtain a digital photograph of the pathology when we are unable 
to document anything in the office. Herniography has also been touted as 
a tool to help diagnose abdominal hernias. A 60% iothalamate solution is 
injected into the peritoneum with a small needle. The child is then placed in 
the upright position and an X-ray is taken after 10 min. The solution then 
outlines the patent processus vaginalis if present (22). It has been shown to 
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have high rates of sensitivity and specificity (26) but the risk of bowel injury, 
contrast reactions, and peritoneal irritation make this a seldom-used modal- 
ity in 2010 (22). Finally, scrotal ultrasound has been described as a tool 
to evaluate inguinal hernias. It has been reported that a hypoechoic struc- 
ture 4—6 mm in diameter in the inguinal canal is a patent processus vaginalis 
where >6 mm is an inguinal hernia (27). Currently we are not routinely using 
pre-operative ultrasound in our workup of pediatric hernias. 

If a hernia is found by examination (by definition with bowel in it), 
attempts should be made to reduce the hernia. This can usually be per- 
formed by providing gentle pressure on the hernia. It is important that the 
child be relaxed during this maneuver, as high intra-abdominal pressure will 
work against reducing the hernia. In cases where there is a fear of incarcer- 
ated bowel (tender mass, erythema on the skin), attempts should be made 
to reduce the hernia. If it cannot be reduced, the patient should be brought 
to the operating room for emergent operative intervention. Not only is the 
bowel at risk, but the blood supply to the testis is likely to have been cut 
off and there is a high risk of testicular damage. If the hernia is able to 
be reduced, observation of the patient is important to ensure that no bowel 
injury has occurred. Even when there is no evidence of a bowel injury, the 
patient should be scheduled for operative repair soon after. 


Treatment 


The main reason for doing elective hernia repair in children is the fear 
of incarceration with the need for acute operation, with the potential for 
bowel or testicular injury. The exact risk of incarceration is, however, not 
known as there are no observational studies in the literature where children 
with known hernia have been observed without planned elective surgery. 
Operative series have reported rates of incarceration of approximately 30% 
in newborns, decreasing to 10-15% at 1 year, and further down to 1% at 
8 years. Preterm babies seem to have a special high risk of incarceration (28). 

The gold standard for surgical repair is an open repair performed by lig- 
ating the processus vaginalis at the internal ring. Success rates for the oper- 
ation approach 99%. The major risk from the surgery is from the anesthetic, 
although there is also a 1% risk of damage to the spermatic cord during elec- 
tive hernia repairs. This risk increases to 6-10% when operating on an incar- 
cerated hernias, hence the recommendation for elective repair (22). Other 
reported complications include a risk of wound infection in 1.2%, testicular 
atrophy in 1—2%, and decreased testicular size in 2.7-13% of patients (29). 
Iatrogenic cryptorchidism occurs in 0.6-2.9% of patients and injury to the 
vas deferens is reported to be 0.13—0.53%. Although extremely rare, infertil- 
ity as a result of injury to the fallopian tubes has been reported in girls (29). 
Most believe that a mesh repair in children should not be performed as there 
is a significant chance for inflammatory reaction, which has been reported 
to cause obstruction of the vas deferens. 
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Whether there is a need for contralateral exploration when performing 
a unilateral inguinal hernia repair is a question somewhat unique to chil- 
dren. In 75-90% of patients the hernia is unilateral at the time of presenta- 
tion but after surgical repair some children develop a hernia on the opposite 
side (30). If a child develops a second hernia, this almost always requires 
a second operation. As stated earlier, there is a high risk of metachronous 
contralateral hernia in children with a unilateral inguinal hernia who have 
a contralateral patent processus vaginalis. Some argue that a hernia can 
be prevented by exploring the asymptomatic contralateral groin and clos- 
ing any patent processus vaginalis. In the past, this has been advocated in 
all children under two. However, additional surgery is not without risk and 
some children would have unnecessary operations with potential injury to 
the vas or vessels. Recently, a systematic review of 49 papers and 22,846 
patients found that 14 contralateral explorations are required to prevent one 
metachronous inguinal hernia. The risk of developing a contralateral hernia 
appears unchanged in early childhood, with a slight reduction after 12 years 
of age. Indeed, most contralateral hernias occur in the first 5 years after uni- 
lateral inguinal hernia repair (30). Children with a left-sided hernia have the 
greatest risk of developing a contralateral hernia, but even in this group, ten 
explorations are thought to be required to prevent one contralateral hernia. 
With the advent of laparoscopy, it has become easier to view the contralateral 
inguinal ring and assess for patency. Currently, both unilateral repair with 
observation or laparoscopic exploration with repair of a patent processus 
vaginalis are considered the standard of care with the exception of infants. 
At this time in our practice we do use laparoscopy to view the contralateral 
inguinal ring and recommend to the family that we fix the contralateral side 
if there is a patent processus vaginalis. 


Conclusion 


Hernias are a common problem seen in pediatric urology, with the most 
common being an indirect inguinal hernia. Standard of care is open repair 
with high ligation of the hernia sac. Contralateral exploration should be 
performed in infants and in older children, and either observation or laparo- 
scopic evaluation of the contralateral internal ring is acceptable in older 
children. If there is a contralateral patent processus vaginalis, repair is 
indicated. 


HYDROCELE 


Background and Treatment 


As discussed in the hernia section, the same patent processus vaginalis 
that causes a hernia is responsible for most cases of hydrocele formation in 
children. In the case of a hydrocele, the patent processus is smaller, allowing 
fluid to pass from the peritoneal cavity into the scrotum, but small enough 
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that bowel does not pass. Most hydroceles in infants and children result from 
persistence or delayed closure of the processus vaginalis. These are termed 
communicating hydroceles as there is a communication with the peritoneum. 
Most of these hydroceles resolve with spontaneous closure of the proces- 
sus vaginalis during the first year of life. For those that do not resolve, 
it is thought that the persistent patent processus will eventually enlarge as 
the child grows and is more active and experiences higher intra-abdominal 
pressures. Hence elective repair is recommended. The history and physical 
examination in these cases is very characteristic. On history, it will be found 
that the size of the scrotum varies. In particular, it is usually small in the 
morning, enlarges with activity, and gets smaller again when the child sleeps. 
This is due to the peritoneal fluid being pushed into the scrotum with intra- 
abdominal pressure and the fluid returning when intra-abdominal pressure is 
lower. Similarly, on physical examination, the fluid, which transilluminates, 
can be pushed back into the peritoneum with gentle pressure (provided the 
child is not crying). 

If the communicating hydrocele persists past a year of age (some might 
say 2 years of age), elective repair is recommended. For the adult urol- 
ogist it is critical to note that the etiology of these hydroceles is the 
patent processus. They should never be approached through the scrotum 
like an adult hydrocele. The repair is identical to that of an inguinal her- 
nia. We recommend a laparoscopic evaluation of the contralateral internal 
ring through the patent processus, as described above for an inguinal hernia 
repair. 

A non-communicating hydrocele is an accumulation of fluid within the 
tunica vaginalis. These hydroceles are much more common in adults, but 
can occur in newborns when the fluid becomes trapped in the scrotum after 
obliteration of the processus vaginalis or when the fluid entering through 
the internal ring becomes loculated. These are seen in infants, transillumi- 
nate, can be large and tense, but are not painful. In general, those that are 
tense and difficult to reduce are most likely to have a small communica- 
tion and therefore are best managed by observation. Most of these simple, 
tense scrotal hydroceles found at birth will resolve during the first 2 years of 
life. The testis should be either palpated or evaluated by transillumination or 
even ultrasound as an abnormal testis may also cause a non-communicating 
hydrocele. There is no role for aspiration of the fluid as this only serves as 
a nidus for infection in the scrotum, and if the processus is not fully oblit- 
erated, into the peritoneal cavity. A recent study looking at hydroceles not 
noticed until after 1 year of age also noted the benefit of at least 1 year of 
observation as 75% resolved spontaneously (3/). 

In children and adolescents, non-communicating hydroceles most often 
form secondary to inflammation of the epididymus or testis. The fluid comes 
from the mesothelial lining of the tunica vaginalis (22). The primary problem 
should be addressed. Some non-communicating hydroceles are not related 
to any testicular problem and are found as an incidental finding on physical 
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examination. When small, they should be ignored. Some will enlarge over 
time and if the hydrocele is causing distress, it should be repaired as in 
adults. 


Special Consideration 


Children who have increased intraabdominal pressure, e.g., those who are 
on peritoneal dialysis or those children with ventriculo-peritoneal shunts, are 
unlikely to have spontaneous closure of their defect and should undergo elec- 
tive repair. These children also have a higher risk of recurrence after repair. 
Indeed, this is the one group for which we do not recommend a solitary 
suture ligature of the processus vaginalis. We have observed peritoneal fluid 
seeping from the suture site and recommend a free ligature tied above the 
suture ligature. 


Conclusion 


Hydroceles are a common problem seen by the urologist. Many resolve 
with time. For those that do not resolve, surgical management via an inguinal 
approach is the treatment of choice. 
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l l Testicles: Undescended, 
Retractile, and Ascended 
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Abstract The undescended testis in the newborn male is a frequent reason for 
urological consultation. Spontaneous descent after birth usually happens in the 
first 3 months of life and is essentially inexistent after | year of age. Infertility, 
malignant transformation, testicular torsion, and hernia are the main consequences 
associated with cryptorchidism. Surgery should be planned before the child’s first 
birthday to decrease the risks of histological changes and to prevent further com- 
plications. A proper examination in the office by an experienced clinician estab- 
lishes the diagnosis. A hormonal evaluation is mandatory if bilateral nonpalpable 
gonads are encountered. The surgical approach is planned according to the findings 
of the examination under general anaesthesia at the time of the repair. Preoperative 
radiological evaluation is not routinely necessary since it does not provide accurate 
information due to a high rate of false-positive and false-negative studies and does 
not eliminate the need for surgical exploration. Different surgical techniques may be 
used with high success rates. Nonetheless, basic principles in testicular mobilization 
and tissue handling should be respected to avoid complications. 


Keywords Testicles - Cryptorchidism- Undescended - Retractile - Orchipodexy 


INTRODUCTION 


A nonpalpable or undescended testis in the pediatric population is a fre- 
quent reason for urological consultation. The goal of the treatment is to 
restore the normal position of the testicle in the scrotum in a timely fash- 
ion in order to optimize the potential for development and function. Despite 
the current recommendations for early correction or cryptorchidism, many 
of these children are still being referred late and are undergoing surgery 
beyond 12-18 months of age. This chapter will review the evaluation and 
the management of the patient with cryptorchidism. 
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EMBRYOLOGY 


The primordial germ cells are located in the caudal portion of the yolk 
sac during the 4th week of gestation. During the 5th and 6th weeks, they 
migrate along the dorsal mesentery of the hindgut toward the urogenital 
ridge. Sexual differentiation is initiated at 7 weeks of gestation and is con- 
trolled by the genes located on the sex-determining region on the short arm 
of the Y chromosome (SRY). During the 8th week, Sertoli cells start produc- 
ing miillerian inhibiting substance (MIS) that triggers involution of the miil- 
lerian structures. Testosterone secretion by the Leydig cells begins around 
the 10th week. After birth, testosterone levels peak between the 30th and 
90th days of life, decrease at 6 months, and then remain low until puberty. 
During this predominant androgenic period, the gonocytes will multiply and 
will transform into adult dark spermatogonia. 


Testicular Descent 


The testes remain in the upper abdomen until the 7th month of gestation, 
when they move from the abdominal cavity through the inguinal canals into 
both sides of the scrotum. It has been proposed that this migration occurs in 
two phases. The first phase, movement across the abdomen to the entrance of 
the inguinal canal, appears controlled (or at least greatly influenced) by MIS 
and descendin. The second phase, during which the testes move through the 
inguinal canal into the scrotum, is dependent on androgen production and 
on an increase of the intra-abdominal pressure. 


ANATOMY 


Histologically the testis is composed of two principal cell populations: 
Sertoli cells and Leydig cells. Each gonad is covered by several layers of 
tissues that constitute extensions of the abdominal wall layers (tunica albug- 
inea, tunica vaginalis, internal spermatic fascia, cremasteric muscle and fas- 
cia, external spermatic fascia, dartos, and scrotal skin). The two testicles are 
separated in the scrotum by a longitudinal septum. The arterial blood supply 
comes from three different sources: the testicular artery arises from the aorta, 
the cremasteric artery from the inferior epigastric artery, and the vasal artery 
from the vesical artery. The venous return occurs through the pampiniform 
plexus that empties into the renal vein on the left side and directly into the 
vena cava on the right side. The lymphatic drainage of the gonad follows 
the vessels in their retroperitoneal course and is distinctly different from the 
scrotal skin drainage that is inguinal and more superficial. 


DEFINITION 


The term undescended testis describes a gonad that is abnormally posi- 
tioned and located anywhere between the abdomen and the scrotum. This 
term has been used interchangeably with cryptorchidism. However, the term 
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cryptorchidism should only be used to describe a nonpalpable gonad if we 
strictly refer to the Greek roots crypto (hidden) and orchid (testicle). The 
undescended testicle may also be in an ectopic position. The gonad usu- 
ally becomes ectopic when it fails to reach the scrotum after its descent 
through the external inguinal ring. The ectopic gonad may be femoral, per- 
ineal, suprapenile, in the controlateral hemiscrotum, or found in the Denis- 
Browne pouch between Scarpa’s fascia and the external oblique fascia. An 
empty scrotum may also be a sign for an atrophic testis (nubbin), a vanished 
testis with blind-ending vessels, a true testicular agenesis or a retractile tes- 
ticle, a gonad that withdraws in the inguinal canal secondary to an over- 
active cremasteric reflex but that can be easily repositioned back into the 
scrotum. 

Overall, 20% of undescended testes are nonpalpable in the office. Of 
those, 18% will be palpated under anaesthesia (7). Therefore, the remain- 
ing gonads can be described as intra-abdominal, atrophic, or vanished. 


EPIDEMIOLOGY 


Unilateral undescended testicles are one of the most common congenital 
anomalies described at birth and are present in 3% of full-term newborn 
males (2). Bilateral cryptorchidism is less common than unilateral cryp- 
torchidism and occurs in 1.6-1.9% of males. The prevalence of undescended 
testicles is higher in premature infants of 36 weeks or less, being estimated 
at 30% (3). This finding suggests that although the descent of the gonad in 
the scrotum is usually completed at the end of the second trimester, it may 
not be fully completed until close to term. The prevalence of cryptorchidism 
also declines from 3% at birth to 1% at 3 months of life and this percentage 
remains stable by 1 year of age and throughout adulthood. Between birth and 
3 months of age, 70-77% of testes will descend spontaneously. Only 7% of 
cryptorchid gonads will reach their normal position in the scrotum beyond 
6 months of age (4). Cryptorchidism occurs twice more frequently on the 
right side compared to the left side. A familial history of cryptorchidism 
and the weight at birth independent of the gestational age are the two most 
important determinants of cryptorchidism at birth and at 1 year of age (5). 


CONSEQUENCES OF UNDESCENDED TESTICLES 
Infertility 


The extra-scrotal position of the gonad impairs germ cell development. 
The severity of the defects increases in correlation with the location of the 
testicle in the abdomen, and is worst for the high intra-abdominal gonads. 
However, all newborns with intra-abdominal gonads have normal counts 
of germ cells. The changes related to the cryptorchidism only become 
obvious between 1 and 2 years of age. They include a decreased num- 
ber of Leydig cells, degeneration of Sertoli cells, delayed disappearance 
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of gonocytes, slow appearance of adult dark spermatogonia, failure of 
development of primary spermatocytes, decreased number of germ cells 
count, and peritubular fibrosis. The earliest change in the undescended testes 
is the hypoplasia of the Leydig cells that occurs in the first months of life. 
Similar anomalies have been found in the controlateral gonad. No relevant 
hormonal marker has been identified for the measurement of testicular func- 
tion in prepubertal boys with cryptorchidism. Cortes et al. have measured 
the percentage of germ cell aplasia on biopsies done during orchidopex- 
ies and they have correlated their results with the age at surgery. In the 
general population, the incidence of germ cell aplasia is around 1% and 
this measure remains stable over time until puberty. However, biopsies of 
untreated cryptorchidism often show significant increase of aplasia starting 
at 15 months of age. Specifically, 20% of 2-year-olds, 40% of 6-year-olds 
and 45% of 10-year-olds will demonstrate a significant amount of germ cell 
aplasia (6). Those numbers suggest potential benefits for early treatment. 
Males with a previous history of undescended testes will have worse sper- 
mogram parameters compared to normal individuals. However, the paternity 
rate of men with unilateral cryptorchidism is similar to the general popula- 
tion and does not correlate with the age of correction or to the findings on 
a biopsy made at the time of the orchidopexy. Monorchidism secondary to 
absent, atrophic, or surgically removed testes does not appear to decrease 
the paternity rate. Among untreated men with bilateral cryptorchid testi- 
cles, none have normal fertility parameters but a quarter of those treated 
reach normal fertility rates (7). The paternity rate in the bilateral unde- 
scended testes population is evaluated to be around 50%. Experimental stud- 
ies have demonstrated that orchidopexy at an early age can decrease and also 
reverse the histological anomalies in cryptorchidism, supporting the need for 
early recognition and treatment (8). Epididymal and vasal anomalies asso- 
ciated with the undescended testes can also explain the infertility in some 
patients with cryptorchidism and are recognized in 15-85% of patients at 
the time of surgery. The complications associated with the surgical treat- 
ment for the undescended testis should also be considered as potential causes 
of infertility. Iatrogenic trauma to the vas deferens is often unrecognized. 
Testicular atrophy can also occur following an orchidopexy as a result of 
compromise of the blood supply. Deep intraparenchymal sutures can also 
induce an inflammatory reaction in the testis with resultant parenchymal 
injury. 


Neoplasia 


Males born with undescended testicles are at higher risk of developing 
testicular malignancy and will usually develop it after puberty. Ten percent 
of all testicular cancers arise from cryptorchid testicles (9). The initial loca- 
tion of the testis correlates with the relative risk of neoplasia: the higher the 
testicle is in the abdomen, the higher the risk of malignant transformation. 
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The risk is six times higher for an abdominal gonad compared to an inguinal 
testicle. The most frequent cancer that arises from an undescended testis is 
a seminoma (/0). The prevalence of carcinoma in situ is 1.7% in the cryp- 
torchid organ (//). It is unclear whether malignant transformation develops 
as a result of an intrinsic abnormality of the testis or due to its nondescent. 
The orchidopexy, however, allows for easier self-examination and therefore, 
in theory, earlier detection of any testicular mass. However, no difference has 
been found between the surgically treated and untreated groups, the rate of 
metastatic disease at presentation and the cancer-specific survival rate being 
the same in the both groups (/2). The main difference for testicular can- 
cers in undescended testicles is the higher rate of positive inguinal lymph 
nodes if an orchidopexy was performed. Pettersson et al. reported on a large 
cohort of men in Sweden who underwent surgical treatment for undescended 
testicles and identified 56 testicular cancers among 16,983 men. The rela- 
tive risk of malignancy was lower (2.23) in the group that was operated on 
before puberty compared to the group treated after 13 years of age (5.40) 
(13). This study confirmed that the treatment of undescended testes before 
puberty may decrease the risk of testicular cancer and supports the evidence 
published earlier by Moller et al. that the relative risk of testicular cancer 
in patients treated for cryptorchidism increases with the age at the time of 
treatment (/4). 


Testicular Torsion 


The cryptorchid gonad has an increased risk of torsion when untreated 
compared to the normally descended testis. It has been hypothesized that 
this event is the result of an anatomic abnormality between the testicle and 
its mesentery during development. An extra-scrotal testicular torsion should 
be considered in a male suffering from abdominal or inguinal pain with an 
empty ipsilateral hemiscrotum. This event should prompt early and careful 
evaluation of the affected gonad since Riegel found that 64% of adults with 
torsion of an undescended testis have an associated germ cell tumour at the 
time of resection (/5). 


Hernia 


A patent processus vaginalis is found in 90% of the cases of unde- 
scended testes (/6). The processus vaginalis usually obliterates between 
the moment of the descent of the testicle and the first year of life. The 
patency of the processus vaginalis increases the risk of hernia and hydrocele 
development. Dissection of the hernia sac off the cord structures and high 
ligation of the sac at the internal ring are essential manoeuvres during orchi- 
dopexy that provide length to allow adequate positioning of the testis in the 
scrotum. 
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DIAGNOSIS 


History and Physical Examination 


Every evaluation of a male with cryptorchidism starts with a complete 
history and physical exam. The questionnaire should include the obstetrical 
and maternal history and should document the use of steroids. The medical, 
surgical, and family histories should also be included. Twenty-three percent 
of males with an undescended gonad will have a positive family history of 
cryptorchidism compared to 7.5% for control families (/7). Finally, the age, 
the weight, and the scrotal examination at birth complete the questionnaire. 
A previous history of normal descended testes in the first year of life is 
usually difficult to obtain. However, an empty scrotum after a previously 
documented normal exam can reflect testicular ascent or a vascular event 
with atrophy. The ascent of the gonad can be iatrogenic after a hernia or a 
hydrocele repair. It can also be primary, due to progressive muscular spas- 
ticity (cerebral palsy) or by retraction of the processus vaginalis during its 
closure. Idiopathic testicular ascent will resolve at puberty in 57% of men 
without any significant testicular volume lost (18). 

The physical exam requires a quiet and warm room and a relaxed child 
supine with his legs placed in a frog-like position. Inspection for birth 
defects and syndromic features should be part of the exam. Observation 
of the genitalia includes evaluation of the penis for anomalies such as 
hypospadias and ambiguous genitalia. The prevalence of simultaneous cryp- 
torchidism and hypospadias is directly related to the position of the meatus: 
30% of the patients with a proximal hypospadias will have an associated 
undescended gonad compared to 2.5% for the patients with a glandular 
hypospadias. Scrotal development, inguinal canals, and common sites of 
testicular ectopic gonads should also be inspected. For cases of unilateral 
undescended testis, the controlateral gonad should also be evaluated for 
its size and consistency. A hypertrophied gonad, usually defined as a vol- 
ume of more than 2 ml will suggest the presence of a controlateral atrophic 
testis; however, it is not sufficient and reliable to confirm the diagnosis (/9). 
Evaluation of the cremasteric reflex (under the control of the genitofemoral 
nerve), by palpation of the inner thigh, can allow identification and local- 
ization of the testicle. The cremasteric reflex is absent in the newborn. In 
children, its activity is inversely proportional to the levels of testosterone 
and is more active between 3 and 9 years of age. Palpation of the unde- 
scended testis should be performed with warm hands and lubricant on the 
fingertips. By sliding the lubricated finger tips from the anterior superior 
iliac spine over the inguinal canal toward the scrotum, a testicle at the inter- 
nal ring or in the inguinal canal is usually felt as the tips of the fingers slide 
over it stretching the cord causing the testicle to snap back in position once 
the fingers pass it. A nonpalapable testis may be intra-abdominal or van- 
ished/atrophic testis. A retractile testis typically retracts to the superficial 
inguinal pouch but can be milked into the scrotum at least 5 cm below the 


Chapter 11 / Testicles: Undescended, Retractile, and Ascended 209 


pubic tubercle. A retractile testis should be followed yearly until puberty for 
its risk of ascent (20). The areas of common testicular ectopia should also 
be palpated to complete the physical evaluation. 


Radiological Evaluation 


The overall accuracy of radiological evaluation for the undescended testis 
is 44% (21). Imaging with ultrasound, computed tomography, and even mag- 
netic resonance, which are all used to localize and to determine the pres- 
ence of the cryptorchid gonad, is not superior to a physical examination 
when planning for surgery. Their rates of false-negative and of false-positive 
results are significant and should not influence the decision made following 
the physical examination. Cain et al. reported that testicles were identified by 
ultrasound in 70% of the cases when palpable and only in 15% if they were 
unpalpable. Overall, they reported 5% of false-positive and 40% of false- 
negative results (22). The rates of false-negative CT scan and MRI studies 
are 15 and 10%, respectively. Because the surgical exploration is manda- 
tory, imaging for the undescended testis is an unnecessary expense. The use 
of radiological evaluation should be limited to cases of ambiguous genitalia 
to evaluate the presence of miillerian structures and for cases of true testic- 
ular agenesis or vasal agenesis that are associated with 20% incidence of 
ispilateral renal agenesis. 


Hormonal Evaluation 


A karyotype and hormonal evaluation should be performed for all cases 
of bilateral nonpalpable gonads and for cases of unilateral undescended 
testes when associated with hypospadias or ambiguous genitalia. This eval- 
uation determines the presence of functional testicular tissue. The kary- 
otype not only guides further investigation but is important in diagnosing 
life-threatening events such as salt-wasting congenital adrenal hyperpla- 
sia. Measurement of gonadotropin levels, principally the follicle-stimulating 
hormone (FSH), should also be obtained. An elevated level of FSH with a 
low testosterone level in a prepubescent child with normal male karyotype 
signifies bilateral anorchia. If the gonadotropin levels are normal, an hCG 
stimulation test can confirm the presence of functioning testicular tissue. 
The conventional regimen uses 1500 U/m? of hCG in six injections over a 
period of 3 weeks. FSH, LH and DHT are measured before the stimulation 
and 72 h following the last dose. A favourable response, which indicates the 
presence of testicular tissues, is defined by a three time increase of the base- 
line testosterone level. However, a false-negative result may be obtained if 
the Leydig cells are unresponsive to exogenous hCG. Therefore, all children 
with a normal karyotype, bilateral unpalpable testicles, normal gonadotropin 
levels and with or without a conclusive hCG stimulation test should undergo 
a surgical exploration to confirm the absence of intra-abdominal gonads 
since they may be present 15% of the time. MIS and inhibin B are other 
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markers of testicular function that can be measured. MIS is secreted by the 
Sertoli cells as early as the 8th week of gestation and until puberty. This is a 
specific marker for functional testicular tissues. The levels are undetectable 
in cases of bilateral anorchia or dysgenetic gonads. Low levels of MIS are 
inconclusive for absence of testicular tissues and surgical exploration is still 
required. 


MANAGEMENT 


Hormonal Treatment 


The rationale behind the hormonal treatment for an undescended testis is 
based on experimental observations that showed that the testicular descent 
is mediated by testicular androgen synthesis. The potential advantages of 
the hormonal treatment are to prevent the need for surgery and to amelio- 
rate the parameters of the spermogram, according to some authors (23). 
Polascik et al. reported an increase of the testicular vascularization and a 
simpler orchidopexy after hormonal therapy (24). Two products, for which 
different regimens have been described, can be used: hCG that directly stim- 
ulates Leydig cells to produce testosterone and GnRH that activates the 
hypothalamic-pituitary-gonadal axis. Successful results are more common 
in children with retractile testes or testicles below the external inguinal 
ring. The hormonal treatment is not indicated for patients with ectopic 
gonad, inguinal hernia or previous history of surgery. It is contraindicated in 
immunosuppressed patients because it induces a transient decrease of lym- 
phocytes. Hormonal stimulation can also induce virilisation of the external 
genitalia with pigmentation of the scrotum, increase the size of the penis, 
and induce pubic hair growth and early closure of epiphyseal plates. HCG 
stimulation also induces some histological changes in the gonads described 
as an increase of the density of interstitial tissues and blood vessels. How- 
ever, hCG withdrawal seems associated with increased apoptosis of germ 
cells. Overall, the success rate of hormonal treatment is less than 20% and 
is highly dependant on the testicular location (25). Long-term follow-up 
should be planned after successful treatment because re-ascent in as much as 
25% of the cases has been reported. As a result of the poor and inconsistent 
results with hormonal therapy, surgical treatment of cryptorchidism remains 
the gold standard. 


Surgical Treatment 


The first step of the surgical treatment of cryptorchidism is to re-examine 
the child under general anaesthesia. In 18% of the cases described as unpal- 
pable during the examination in the office, the testicle will be felt under 
anaesthesia and will therefore change the surgical approach. The success 
rate of the surgical procedure depends mostly on the initial position of the 
testicle (26). 
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Palpable Testicle 


Two different approaches can be utilized to perform the orchidopexy for 
a palpable testicle. The low (superficial inguinal pouch) and mobile palpa- 
ble testis can be brought down by a scrotal (27) or an inguinal incision. The 
goal is to gain sufficient length to fix the testicle to the most dependant part 
of the scrotum without tension to the spermatic cord. The two manoeuvres 
that provide the greatest length for the cord to reach the scrotum are (/) 
the dissection of the cremasteric muscular fibres and any anomalous fibrotic 
attachments from the gonad and its cord, and (2) the separation of the patent 
processus vaginalis (which is anterior and medial to the cord) from the sper- 
matic cord with high ligation of the hernia sac at the internal ring. If more 
length is required, for a higher undescended testicle, a retroperitoneal dissec- 
tion is necessary to divide the lateral attachments to the spermatic vessels all 
the way to the lower pole of the kidney. These manoeuvres will release ten- 
sion on the vessels and allow medial mobilization of the vessels to gain more 
length. Finally, a Prentiss manoeuvre whereby the testis and spermatic cord 
are transposed medial to the inferior epigastric vessels will create the most 
direct course toward the scrotum (28). This requires incision of the floor of 
the inguinal canal and can usually be accomplished without division of the 
inferior epigastric vessels contrary to the classic description of the manoeu- 
vre. The inguinal approach is successful in bringing the testis down in most 
children less than 18 months of age. As the child grows older and longer or 
in cases where the testis is in a higher position, the inguinal approach may 
be more challenging and a laparoscopic approach may be helpful in facilitat- 
ing the retroperitoneal dissection by improving visualization, while reducing 
morbidity to the child by avoiding the larger Gibson type extension of the 
inguinal incision. 

The testicular arteries and veins are often the limiting factors to allow 
sufficient length to bring the testicle completely to the most dependant part 
of the scrotum. A one or two-stage Fowler-Stephens procedure has been 
advocated for these situations. Following ligation and division of the sper- 
matic vessels, the testicle becomes dependant on the collateral circulation 
provided by the deferential and cremasteric vessels. Testicular mobilization 
can then be performed in one or two stages, as described by Fowler and 
Stephens (29). The ideal candidates for the one-stage orchidopexy are those 
presenting with a long looping vas. However, the blood supply provided 
by the collaterals should be tested before deciding if the procedure can be 
safely accomplished in one stage. A single stage procedure should not be 
attempted in the presence of vasal atresia or skeletonized cord. The two- 
stage procedure (with 3—6 months between ligation of the spermatic vessels 
and subsequent mobilization) permits better development of collateral ves- 
sels since no dissection of the vas or cremasteric structures is performed in 
the first stage. 

To fix the testicle, a new channel from the inguinal incision toward the 
scrotum is created by blunt dissection with a finger. A transverse mid-scrotal 
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incision is made and a superficial dartos pouch is created. Placement of the 
testis in a dartos pouch results in complete circumferential adherence of the 
tunica albuginea to the pouch and prevents further displacement of the testi- 
cle. Deep transparenchymal suture insertion creates an extensive inflamma- 
tory reaction that may cause parenchymal damage. A superficial suture just 
into the tunica albuginea may be less harmful. Systematic testicular biop- 
sies at the time of the orchidopexy are unnecessary and do not have a pre- 
dictive value of future fertility or cancer development. Biopsies should be 
restricted to abnormal gonads, patients with ambiguous genitalia or abnor- 
mal karyotype. 

During the physical examination in the office or under general anaesthe- 
sia, an atrophic testis (nubbin) can be palpated. This finding generally results 
from failure of gonadal organogenesis or from a prenatal vascular event. 
A scrotal approach can be used to remove the nonfunctional testis and to 
confirm it by histology. Studies have described as much as 14% of viable 
germ cells in nubbins with a theoretical risk of neoplasia (30). The presence 
of monorchidy secondary to a possible testicular torsion should raise ques- 
tions about the necessity to fix the controlateral testicle. No evidence for nor 
against the fixation of the controlateral side has been published. However, 
the possible risk of torsion of a solitary testis should be weighted against the 
risk of trauma to that gonad during its fixation. The insertion of a testicular 
prosthesis has been advocated in childhood to minimise the psychological 
impact. However, this prosthesis will have to be upsized with growth of the 
child. 


Nonpalpable Testicle 


The laparoscopic approach for the diagnosis and treatment of a nonpal- 
pable testicle is becoming more and more popular. The first port is placed 
in the umbilicus to introduce a camera and to evaluate the anatomy, prin- 
cipally the relation between the internal inguinal ring, the vas deferens, the 
spermatic vessels, and the testicle. Four different possible outcomes may 
be encountered during diagnostic laparoscopy for the undescended testicle. 
First, true testicular agenesis should prompt renal evaluation. Second, blind- 
ending vessels and vas deferens above the internal inguinal ring are indica- 
tive of a vanished testis and no further intervention is necessary except, 
maybe, scrotal fixation of the controlateral gonad. Third, the vessels and 
vas deferens can be observed entering a patent internal ring. This finding is 
compatible with either a viable or an atrophic testicle, and then an inguinal 
exploration should be performed to pex a viable gonad or remove a nubbin. 
Finally, an intra-abdominal testicle may be found, the management of this 
testis depends on the age at presentation and whether it is normal in size. 

The abnormal or the atrophic intra-abdominal testicle in the older child 
(>10 years old) should be removed and an orchidopexy should not be 
attempted. Orchiectomy should also be performed if an intra-abdominal 
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gonad is present in a post-pubertal male with a controlateral normal testis. 
A normal testicle found within two centimetres proximal to the inguinal ring 
can be mobilized and placed in the scrotum in one procedure, using an open 
or a laparoscopic technique. If the laparoscopic approach is chosen, two tro- 
cars are introduced laterally to the umbilicus in the mid-clavicular line. The 
dissection of the spermatic cord is completed intraperitoneally and the mobi- 
lization may be carried out as high as the kidney. It has been proposed that 
at the end of the dissection if the testicle can be moved freely across to the 
controlateral internal ring, it is an indication that adequate length has been 
achieved to bring the testis down to the scrotum without tension. A dartos 
pouch is created and the testicle is passed in the scrotum with a hemostat 
or an additional trans-scrotal port. Control traction should be used to mobi- 
lize the testicle toward the scrotum in order to avoid accidental testicular 
avulsion. Excessive tension may also cause ureteric obstruction if the dis- 
section was inadequate. A staged procedure should be planned if the testicle 
is more proximally located and the decision should be made relatively early 
during the surgery to limit the dissection and to permit the growth of col- 
lateral vessels. The second procedure is usually planned after 6 months and 
can be performed laparoscopically or by open technique. Ultimately, testic- 
ular auto-transplantation of the testis to the inferior epigastric vessels can be 
performed if microsurgical expertise is available. This is probably the most 
appropriate technique for a solitary, high intra-abdominal testicle for which 
even a low risk of atrophy after a two-stage Fowler-Stephens procedure is 
unacceptable. 


COMPLICATIONS OF ORCHIDOPEXIES 


Infection and bleeding with scrotal hematoma are possible complications 
following an orchidopexy. Laparoscopic approaches also involve all poten- 
tial complications associated with insertion of trocars and pneumoperitoneal 
insufflation. More specific complications related to an orchiectomy or an 
orchidopexy are injury to the ilio-inguinal nerve, vas deferens or spermatic 
vessels, iatrogenic or spontaneous testicular torsion, testicular retraction, and 
testicular atrophy. Gonadal atrophy may result from torsion of the spermatic 
cord, extensive electrocoagulation with vascular thrombosis, excessive trac- 
tion on the cord, ligature of the blood supply, or compression of the ves- 
sels by an abscess or a hematoma. Late testicular atrophy is also possible 
for a patient that underwent previous treatment for undescended testis after 
a vasectomy if the spermatic vessels were injured and the testicular blood 
supply was dependent on the deferential artery. 


CONCLUSION 


The undescended testis is a frequent cause for consultation in the new- 
born male. The spontaneous descent after birth usually happens in the 
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first 3 months of life and is essentially inexistent after 1 year of age. The 
treatment should be planned around 6—12 months to decrease the risks 
of histological changes and to prevent further complications. The surgi- 
cal approach is planned according to the physical exam performed in the 
office and under general anaesthesia at the time of the repair. Preoperative 
radiological evaluation should not be routinely performed since it does not 
provide accurate information due to a high rate of false-positive and false- 
negative studies and does not eliminate the need for surgical exploration. 
Different surgical techniques may be used with high success rates. Nonethe- 
less, basic principles in testicular mobilization and tissue handling should be 
respected to avoid complications. 
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l 2 Acute Scrotum 
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Abstract Boys of any age may develop acute scrotal pathology. Due to the potential 
for testicular loss, torsion of the spermatic cord is always a diagnostic consideration. 
The goals of this chapter are to review the causes of the acute scrotum, define the 
appropriate diagnostic evaluation, advise criteria for referral, and outline reasoned 
management. 


Keywords Acute scrotal swelling - Scrotal pathology in the neonate 


EMBRYOLOGY AND NORMAL DESCENT 


A basic understanding of the development and normal anatomy of the 
testicles and the scrotum leads to an appreciation of the pathology of the 
acute scrotum. The development of the testicles, as well as the gubernacu- 
lum, begins in the seventh week of gestation. The gubernaculum encases the 
epididymis and lower pole of the testis, extends into the inguinal canal, and 
maintains its fixation to the testis. Approximately 75% of testicles descend 
through the inguinal canal between 24 and 28 weeks of gestation (/). By 
30 weeks of gestation nearly all testicles have made it into the scrotum (/). 
In its final location in the scrotum, the epididymal head lies along the supe- 
rior pole of the testis and its body and tail extend toward the inferior pole 
and lateral. 


FIRST RULE OUT TORSION 


The evaluation of an acute scrotum needs to be approached in a timely 
fashion. All cases must be suspected of acute spermatic cord torsion as there 
is an established need for rapid diagnosis and management (2). Evaluating 
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the child as soon as possible, after the onset of symptoms, will help in 
establishing an accurate diagnosis, and may be pertinent to salvage of the 
testicle (3). 

Unfortunately, timely presentation of an acute scrotum is patient depen- 
dent and many times the diagnosis is obscured by delayed evaluation. When 
symptoms have been present for several days, the scrotum is often markedly 
indurated, swollen and tender. Intrascrotal contents may not be easily identi- 
fied via palpation and diagnosis is often equivocal. In these cases additional 
imaging should be obtained as quickly as possible. The concept of explo- 
ration for equivocal scrotal pathology is a changing paradigm. With an early 
physical exam and the advances of minimally invasive imaging, many eti- 
ologies can be successfully diagnosed without surgical exploration (4). 

The consultant, based on clinical history and physical examination, can 
often rule out testicular torsion without the need for diagnostic studies. 
Imaging is time consuming, costly, and may not effect final management; 
thus, each case should be considered individually prior to routine imaging 
(5-6). 

History should include age of the patient and the duration of the symp- 
toms. Make sure to ask about similar episodes in the past, history of surgery, 
urinary symptoms, and trauma to help aid in a diagnostic plan. 

Typically the child with testicular torsion will be experiencing severe 
pain unrelieved by ice, position, or over the counter analgesics (2). A his- 
tory of nausea and vomiting are common and testicular retraction may be 
found on examination. The consultant can proceed to contact the operating 
room and anesthesiology staff to prepare for surgery (2). A complete blood 
count can be ordered but is not essential with classical findings. While the 
most time critical urologic cause of acute scrotal discomfort is testicular 
torsion, other common etiologies must be considered (3). These include tor- 
sion of a testicular or epididymal appendage, trauma, infection, hydrocele, 
and incarcerated inguinal hernia (2). Other more rare conditions include 
Henoch-Schénlein purpura, acute appendicitis, acute leukemia, idiopathic 
scrotal edema, and testicular tumor. 


TAKING A COMPLETE HISTORY 


The age of the child may help to suggest a diagnosis. For example, testicu- 
lar torsion is seen most often during puberty (males ages 10-19) and second 
most commonly in the newborn (3). Epididymo-orchitis tend to occur in the 
post-pubertal male (9-71). Torsion of the testicular appendage is typically a 
pre-pubertal event (12-14). 

It is important to ask about recent trauma to the testicle, for example, 
enquiring about sports related injuries to the inguinal canal or scrotum. 
Direct trauma to the testicle can cause acute scrotal swelling (//, 15). 
Trauma has also been listed as an etiology for testicular torsion in 4—8% 
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of cases, though recall bias may a component of this statistic (8). A history 
of trauma does not rule out torsion of the testicle or its appendages. 

Make sure to ask about any delay in descent of the testicles or hydrocele 
that may have been present at birth or in early childhood. A suspected patent 
processus vaginalis or problem with descent should lead one to consider how 
well the testicles are fixed to the scrotum (/). 

Surgical history is important for it is possible that inguinal surgery may 
fix the cord structures in place through post-operative scarring (2). A history 
of an inguinal herniorrhaphy, a common pediatric operation, may make tes- 
ticular torsion less likely, but the literature reports torsion following inguinal 
herniorrhaphy as well as orchidopexy (2). Ask about any recent scrotal 
or inguinal surgery in evaluating for a possible post-operative infection. 
Swelling alone is likely part of the healing process, but if accompanied 
by erythema and purulent drainage, the likelihood of an infectious process 
increases. 

Obtain a history of the duration, severity and frequency of the pain. It 
can also be helpful to ask the parents about their perception of the child. Is 
the child typically stoic, or is he overly emotional concerning small injuries? 
One can easily be fooled by a child who does not want to admit severe pain as 
to invite intervention or appear weak of character. Also enquire whether the 
patient has experienced similar episodes of testicular pain in the past. Acute 
onset and resolution of testicular pain may indicate a torsion/detorsion sce- 
nario (2). Alternatively, a history of gradually increasing testicular pain over 
a week with slowly increasing swelling and discomfort leads to considera- 
tion of torsion of a testicular or epididymal appendage or epididymitis (9). 

Finally, ask about accompanying systemic symptoms such as fevers, nau- 
sea, vomiting, abdominal pain, and recent viral illness. Include questions 
about urinary symptoms such as pain with urination, blood in the urine, 
increased urinary frequency or urgency, and the color of the urine. This will 
help in your differential of an infection, ischemic process, or referral of pain 
from an abdominal source (2, /6). 


THE PHYSICAL EXAM 


Physical exam findings are an important part of the initial assessment. 
To obtain the best results possible, one must consider the general setting 
in which the examination is performed. Emergency rooms tend to have a 
high level of activity. Prior to starting your examination, try to secure a quiet 
or private room. The surrounding temperature should be warm to allow for 
scrotal relaxation. Keep in mind that the patient likely has a high degree 
of discomfort and anxiety. Reassure the child with a calm voice and gen- 
tle touch. Try to limit the number of examinations performed on the child. 
Ideally, the consultant would be one of the first to perform the examination. 
The boy is much more likely to cooperate if he has not had to endure multi- 
ple uncomfortable examinations. When beginning your physical exam, start 
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away from the scrotum, which is the most tender area. This will allow the 
child to relax somewhat and gain your trust. 

Remember that it is important to perform the physical exam in the appro- 
priate order (2, 6). The first step is close observation followed by abdominal 
palpation, which is often comforting as it is familiar and non-threatening. 
Next attempt to elicit a cremasteric reflex. Observe the scrotal skin, place 
the examining hands in position to cradle the general area of the testis; then 
slowly allow your fingertips to discern the position, shape, size, and consis- 
tency of the testis, and the specific location of any pain without any sudden 
movement or significant pressure. Palpate the lower pole of the testicle and 
epididymis, and finally the upper pole and spermatic cord, beginning with 
the asymptomatic side. 

General Appearance: 


e Observe the patient’s overall activity level and facial expression to help gauge 
the severity of the pain. 

e A child who is lying very still indicates severe pain associated with move- 
ment. A child that is walking around the emergency room without difficulty 
is reassuring. 

e Looks for signs of systemic illness such as flushing from fever. 


Abdominal Exam: 


e Palpate the abdomen, looking for tenderness or masses. 

e Intra-abdominal pathology can present as acute scrotal pain (/6). 

e Perforated appendicitis can present as acute onset of right side testicular pain 
and swelling from purulent drainage entering a patent processus vaginalis. 

e Palpate the inguinal canals to evaluate for an incarcerated hernia. Finding a 
thickened intracanalicular spermatic cord is suggestive of this pathology. 


Scrotal Exam: 


e Palpate the skin to assess the degree of induration, erythema, and tenderness. 

e A relaxed hemiscrotum is reassuring of a less severe process. 

e A retracted testicle indicates pain and possibly testicular torsion. 

e Abnormal position of the testicle (e.g., horizontal lie) can similarly be a 
telling sign of torsion. 

e The degree of scrotal swelling and erythema correlates with the degree of 
inflammation and can give an idea of the time frame prior to presentation. 

e Try to elicit a cremasteric reflex by stroking the skin on the inner thigh. This 
technique should first be attempted on the uninvolved side, giving you a base- 
line reflex for comparison. Eliciting a cremasteric reflex on the involved side 
suggests against testicular torsion. 


Testicular Exam: 


e Palpate the uninvolved side first to reassure your patient and have a baseline 
for comparison. 
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e Examine the lower pole of the testis and epididymis prior to examining the 
upper pole. 

e If the lower pole of the testis and epididymis is non-tender and normal in 
size, testicular torsion is unlikely. 

e The majority of testicular and epididymal appendages are located in the upper 
pole (/3). When you palpate the upper pole of the testis and epididymis, try 
to feel for an infarcted appendage. This may feel like a small, firm nodule 
that is extremely tender. 

e Sometimes the infarcted appendage can be seen through the skin (blue dot 
sign). 


Once finished with your history and physical examination, you may diag- 
nose testicular torsion and proceed to management. However, many times 
your clinical diagnosis is equivocal and further tests may be needed. Below 
we elaborate on the differential of the acute scrotum with the appropriate 
diagnostic imaging and treatment. 


TORSION OF THE SPERMATIC CORD 


Testicular torsion is defined as a twisting of the testis and spermatic cord. 
This results in obstruction of venous return from the testis, which then leads 
to equalization of venous and arterial pressure (8). Arterial flow to the testi- 
cle is consequently compromised and ischemia occurs. Rarely acute arterial 
occlusion may occur. 

Testicular torsion occurs in 1 of 4000 males before the age of 25 and 
makes up 25-35% of the acute scrotal diagnosis in the pediatric population 
(8). This event is biphasic in incidence and is seen most often during puberty 
(males ages 10-19) (3). It is seen second most commonly in the newborn, 
which will be discussed later. 

The patient may have a history of delay in descent of the testicles or 
hydrocele that may have been present at birth or in early childhood. A sus- 
pected patent processus vaginalis or problem with testicular descent should 
lead one to consider how well the testicles are fixed to the scrotum (/). 
A malformation of the tunica vaginalis is responsible for the classic “bell- 
clapper” deformity. This is when the tunica vaginalis completely encircles 
the epididymis, distal spermatic cord, and the testis instead of attaching 
to the posterolateral aspect of the testis (S). This malformation, which is 
reported in 90% of cases, allows the testis to rotate freely resulting in tor- 
sion (8). Additionally, oblique insertion of cremasteric fibers on the sper- 
matic cord may contribute to the tendency to twist. 

The degree of ischemia largely depends on the length of time the testi- 
cle remains twisted. Testicular salvage rate is around 90% when detorsion 
is performed within 6 hours or less from the onset of symptoms (8). This 
rate however falls to 50% at 12 hours and the testicle is almost always 
unsalvageable at 24 h (8). Unfortunately, many times the patient presents 
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to the physician after a significant delay. One study found that 85% of 
males did not think it was necessary to seek medical attention for tes- 
ticular swelling (3). In another study, more than half of the patients with 
acute onset of testicular pain delayed seeking medical help for 12 or more 
hours (3). 

Testicular torsion typically presents as acute onset of unilateral testicular 
pain and tenderness. Often times there are associated nausea, vomiting, scro- 
tal erythema, and scrotal edema (5). However, one study did not show any 
of these symptoms to be statistically significant is distinguishing between 
torsion and other etiologies of the acute scrotum. Pain can be referred to the 
inguinal canal on the symptomatic side or the lower abdomen. The patient 
may give a history of similar episodes that spontaneously resolved, indicat- 
ing a torsion/detorsion picture (2). It is important to remember that a history 
of trauma or the lack of severe pain does not rule out torsion. 

On physical exam, the involved testis is higher lying in the scrotum and 
swollen. This is due to shortening of the spermatic cord as it twists. Absence 
of a cremasteric reflex is the most sensitive physical exam finding for tes- 
ticular torsion but unfortunately not specific to torsion alone (2). Sometimes 
the testicle will have a transverse lie. It will be tender to palpation and feel 
firmer compared to the asymptomatic side. Many times, if the torsion has 
been present for several hours the amount of inflammation will make testic- 
ular landmarks difficult to distinguish. 

If torsion is diagnosed based on the clinical presentation and physical 
exam findings and you are unable to detorse the testicle at bedside, then 
the patient should undergo emergent surgical exploration. In cases where 
suspicion of torsion is low or equivocal, diagnostic imaging is recommended 
(4, 14). If imaging is not available in an equivocal case, the patient should 
undergo surgical exploration. 

Color Doppler ultrasonography is one of the most commonly used diag- 
nostic modalities. It has become the imaging study of choice due to availabil- 
ity and experience. This technique can visualize intratesticular blood flow 
and is 80-100% sensitive and 90-100% specific (Fig. 12.1) (4, 14). The 
range is likely due to operator dependency. In cases of torsion, the testis 
will have absent or decreased blood flow (Fig. 12.2). Ultrasound has the 
additional benefit of being able to distinguish between testicular and extrat- 
esticular disease. 

Scintigraphy with technetium 99m pertechnetate can also be used to diag- 
nose testicular torsion. It is nearly 100% sensitive for testicular torsion (6). 
A torsed testis will have decreased delivery of radiotracer, indicating dimin- 
ished or absent blood flow. This diagnostic modality is often not practical for 
use in the acute setting as the isotope must be prepared at the time of request 
and is not readily available. In addition, its clinical value is often less than 
that of color Doppler ultrasound since it does not provide anatomic data. We 
have used this test for delayed presentation of torsion to document the fate 
of the testis when needed to encourage surgical exploration. 
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Fig. 12.1. Doppler ultrasound of the Left testicle. Testicular size measures 4.0 x 2.4 x 
1.9 cm. The testicle is normal in appearance, homogeneous, and has no reactive hydro- 
cele. There is normal vascular flow. 


Fig. 12.2. Doppler ultrasound of the Right testicle. Testicular size measures 3.8 x 2.4 x 
2.4 cm. The testicle is heterogeneous, with an enlarged epididymis, and a reactive hydro- 
cele is present. Vascular flow is absent. 


224 Gordetsky et al. 


Surgical exploration and detorsion are mandatory in all cases of testicular 
torsion. However, one can attempt manual detorsion at bedside to allow 
relief of symptoms and immediate restoration of blood flow (Fig. 12.3). In 
two-thirds of the cases of testicular torsion, the testis has rotated medially, 
when examining the patient from an anterior point of view (7). Therefore, 
your first attempt should be to rotate the testis laterally within the scrotal 
sac (think of opening a book). The maneuver is accomplished by grasping 
the testis in the fingertips of both hands to achieve a 180-degree rotation. 
This movement initially causes pain and a spermatic cord block can be per- 
formed first, but is not always necessary. If you are successful the testicle 
will stay easily in its new position and there will be more length on the 
spermatic cord. Further rotation should be attempted in similar increments 
until the testis assumes an appropriate position in the scrotum. The patient 
will report immediate improvement of pain after a few moments of restored 
blood flow. If attempted lateral detorsion fails to achieve improvement in 
testicular position, try the same technique but medially. Manual detorsion 
has been reported to have a 26-80% success rate (7, 8). 
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Fig. 12.3. Repeat imaging after manual detorsion at bedside demonstrates presence of 
spectral Doppler flow within the right testis as well as the epididymis. 


Even if manual detorsion is successful the patient will still require a surgi- 
cal exploration for final correction and possible orchidopexy versus orchiec- 
tomy. Both testes should be explored since the anatomic abnormality that 
allowed the torsion is likely present on the contralateral side (2). If the 
torsed testis is not viable, remove it without an attempt at detorsion. If it 
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appears viable, return the testis to its normal anatomic position and perform 
an orchidopexy using non-absorbable suture. Make sure to fix both testicles 
in place at three points (laterally on each side and inferiorly). 

The infertility risk in patients with prior testicular torsion has not been 
well established. If the patient has a normal, uninvolved testis at the time 
of surgery, then normal fertility is more likely (2). All patients will require 
long-term follow up to assess for testicular atrophy. 


TORSION IN THE NEONATE 


Neonatal torsion has been reported as making up 12% of all cases of 
torsion (/7). Most cases of neonatal torsion are extravaginal, meaning there 
is torsion of the entire spermatic cord including the tunica vaginalis and 
internal spermatic fascia (/8). This is related to the loose attachment the 
latter conveys to the scrotum at the time of birth (/). 

One must differentiate between prenatal torsion, in which testicular sal- 
vage is impossible compared to neonatal torsion, where there is a chance for 
testicular salvage. Unfortunately, most cases of torsion in the neonate are in 
fact prenatal (77-20). 

Testicular torsion presents differently in the neonate compared to clas- 
sic torsion that occurs in the peripubertal boy. The presentation is typically 
asymptomatic and has an uncertain time of onset (/7). Most cases are dis- 
covered incidentally during routine examination of the newborn at the time 
of birth. These cases of torsion are prenatal and the testicle are not salvage- 
able (77, 18). The picture can become more difficult when the torsed tes- 
ticle is not picked up at birth but rather found several hours later in the 
nursery. This delay in diagnosis raises the question whether there was a 
true observed change in exam versus a missed diagnosis of prenatal torsion. 
Simply exploring all cases of suspected torsion is not acceptable given the 
risk of general anesthesia in the neonate and the low chance for testicular 
salvage (77, 18). In cases of a “missed torsion” color Doppler ultrasound is 
useful and should be done acutely for purposes of documentation and final 
management (/7—/9). A missed prenatal torsion will have no blood flow 
to the testis on color Doppler ultrasound. MRI and scintigraphy with tech- 
netium 99m pertechnetate can also be used to confirm testicular loss (6). 
Make sure to document testicular loss confirmed by imaging as well as the 
condition of the contralateral testis. Also document thorough discussion of 
the findings and management. The majority of cases in the literature have 
been reported as unilateral. However, a recent article on perinatal testicular 
torsion showed a 22% (4/18) overall incidence of asymptomatic contralat- 
eral torsion discovered at the time of surgical exploration (20). If there is 
any question about the integrity of the contralateral testis, emergent surgical 
exploration should be performed to try to salvage the contralateral testis. If 
the torsion is prenatal and the contralateral testis is intact, the torsed testis 
can be treated with orchiectomy or observation in a non-emergent fashion 
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(17). Some authors recommend exploration for contralateral orchidopexy as 
their preferential management (20). 

Recommendations regarding testicular torsion in the neonate have been 
varied. One issue is the lack of testicular preservation reported in the lit- 
erature. The ischemic time frame for rescuing the testicle is less than 4 h 
(7, 17). Most cases of prenatal torsion are unobserved and thereby the win- 
dow of opportunity has passed. Cases of neonatal torsion that are observed 
should be operated on emergently, as testicular preservation can be achieved. 

Despite the low success rate, there have been cases reported in the lit- 
erature of testicular preservation of endocrine function after long periods 
of ischemia (/7). Therefore the majority of testis should be left in place if 
exploratory surgery is performed. The exception is in cases of obvious lique- 
faction necrosis, which should result in removal of the testis. Interestingly, 
there have not been any reported cases of intolerance of a retained ischemic 
testicle (17). 

The timing of surgical exploration is also an issue. The stress of anes- 
thesia in the first 24—48 h of life can interfere with the transition from fetal 
to extrauterine circulation (/7). The immaturity of the patient’s central ner- 
vous system can also lead to difficulty in regulating cardiac and pulmonary 
function. Delay of surgery or use of local or regional anesthetic may be nec- 
essary to minimize risk to the neonate. If the hospital has little experience 
with neonatal surgery, transfer to a larger center may be advisable. 


TORSION OF THE TESTICULAR OR EPIDIDYMAL 
APPENDAGE 


A testicular appendage is a remnant of the paramesonephric duct, whereas 
the epidydimal appendage is a remnant of the mesonephric duct. Both of 
these structures are highly prevalent in the pediatric population and are 
located near the head of the epididymis (/4). Torsion of a testicular or epi- 
didymal appendage is a common cause of the acute scrotum in the pediatric 
population (/2). 

It is often difficult to distinguish between a testicular torsion and torsion 
of a testicular appendage. Both will present with acute onset of scrotal pain 
and swelling. However, a patient who has torsion of the appendix testis will 
be less likely to have systemic symptoms such as nausea, vomiting or fever 
(5). The pain is typically less severe in nature and progresses slowly over 
2-3 days. Urinalysis will be negative. 

On physical exam, the scrotum will be swollen, but the testicles should be 
comparable in size. Testicular tenderness will be localized to the upper pole 
of the testicle near the head of the epididymis early in the course. The tes- 
ticle should have normal position in the scrotum. Sometimes a hard, tender 
nodule 2-3 mm in diameter can be palpated near the upper pole of the testi- 
cle. If the scrotal skin is thin enough, this nodule may appear darker giving 
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the classic “blue dot sign.” These patients should have a cremasteric reflex 
on the symptomatic side. 

In cases where there is low suspicion for testicular torsion, one can con- 
firm the diagnosis with color Doppler ultrasound (/4). This technique will 
evaluate volume, echogenicity, texture, and blood flow of the testicle and 
epididymis. There will be increased blood flow to the epididymis and nor- 
mal blood flow in both testicles. Echogenicity of the visualized appendage is 
reported as varied in the literature. A reactive hydrocele is a common find- 
ing. Torsion of a testicular/epididymal appendage is diagnosed by ultrasound 
finding of an extratesticular, hypovascular structure, often with hyperemia in 
the surrounding paratesticular region (Fig. 12.4). One paper reported 100% 
specificity using color Doppler ultrasound to confirm torsion of testicular 
appendages larger than 5.6 mm (/4). 

If there is any uncertainty about testicular torsion then the patient 
should undergo an emergent surgical exploration. If the history, physical 
exam, and ultrasound findings (if performed) are consistent with torsion 
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Fig. 12.4. Hypovascular lesion (arrow) with reactive hyperemia is classic for torsion of 
the appendix testis or epididymis. 
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of the appendix testis then the treatment is palliative. Recommend scrotal 
elevation, bed rest, and scrotal support to help with the swelling. Anti- 
inflammatories and analgesics can be used for pain management. Explain 
to the parents that the swelling will often get worse before it gets better. 
Sudden edema 3-5 days after onset of pain is very commonly seen. Scrotal 
edema and tenderness can last several weeks and is directly correlated with 
degree of activity. 


EPIDIDYMITIS 


Epididymitis is defined as inflammation of the epididymis. This is a rare 
condition in prepubertal boys, though one article did report the incidence 
to be as high as 28% (10). Epididymitis is the most common etiology of 
acute scrotal swelling in the sexually active male (9, //). In the pediatric 
population, 20-80% of cases are associated with urinary tract infections (9). 
In addition, up to 50% of cases are associated with an anatomic abnormality 
of the genitourinary or lower gastrointestinal tract (9). There has also been 
an association with children who have dysfunctional voiding. 

There are two types of epididymitis: bacterial and non-bacterial. 
Bacterial epididymitis is typically associated with urinary tract infection 
in prepubertal/non-sexually active males. In this group the most com- 
mon organism is Escherichia coli (9). In sexually active males, Chlamydia 
trachomatis and Neisseria gonorrhoeae are the most likely offenders (9). 
Notable exceptions include Staphylococcus aureus in patients with cystic 
fibrosis and Salmonella in patients with sickle cell disease (9). Non-bacterial 
epididymitis can be caused by a chemical inflammatory response from intru- 
sion of sterile urine retrograde into the epididymis. High-pressure bladder 
storage or emptying, such as that seen in dysfunctional voiding, can cause 
this kind of reflux in boys. Bladder outlet obstruction, such as posterior ure- 
thral valves or stricture, can create the same problem. Viruses have also been 
shown to be a cause of epididymitis. Some children will present with a prior 
history of fevers and rash, which then leads to scrotal symptoms a few days 
later. An excellent example of this is mumps epididymo-orchitis. 

The patient with epididymitis presents with scrotal pain that slowly 
increases in severity over several days. The pain is sometimes referred to 
the inguinal canal or abdomen. Other common symptoms include fever, uri- 
nary frequency and urgency, and dysuria (9, 70). In the older, sexually active 
male there can be urethral discharge. Pyuria is commonly seen on urinalysis. 

Make sure to ask about history of urethral instrumentation, catheter- 
ization or trauma, as these can lead to a urinary tract infection and 
thereby epididymitis. A history of hypospadias, anorectal malformation, or 
bowel/bladder elimination difficulty can be further clues. 

On physical exam there is unilateral, upper pole testicular tenderness and 
tenderness at the head of the epididymis. Later in the clinical course the 
entire epididymis is swollen but the testis feels normal to palpation and has 
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a normal lie in the scrotum. The cremasteric reflex will be present. As time 
progresses so does scrotal swelling. The scrotal skin becomes erythematous 
and edematous and its appearance looks much like the skin of an orange. 
At this point it is difficult to distinguish intrascrotal landmarks. As a part of 
your physical exam, make sure to examine the spine and anus for any signs 
of occult abnormalities. Of note Prehn’s sign, which is performed by lifting 
the scrotum to assess change in pain, is not helpful in differentiating between 
torsion and epididymitis (9). 

Urinalysis and urine culture should be obtained when the differential 
diagnosis includes epididymitis. Urethral swabbing may be traumatic and is 
rarely helpful with diagnosis in the absence of other findings and is therefore 
not recommended (9). Often times a color Doppler ultrasound is obtained to 
rule out testicular torsion. The ultrasound will show increased blood flow to 
the affected epididymis, and normal or increased blood flow to the ipsilat- 
eral testis. In the prepubertal boy with a urinary tract infection, or in patients 
with recurrent episodes, further imaging may be needed (9, /0). Following 
acute treatment, a voiding cystourethrogram is useful to evaluate the urethra. 
Upper tract imaging with either an ultrasound or intravenous urogram is also 
recommended to assess for ureteral ectopia (9). 

As in other etiologies of acute scrotum, if testicular torsion is not ruled 
out, proceed to surgical exploration. Treatment is with anti-inflammatories, 
analgesics, and antibiotics (9). For non-sexually active males, cover for 
gram-negative urinary tract infection empirically. Make sure to follow up 
on the urine cultures and adjust your antibiotic choice accordingly. In addi- 
tion, non-sexually active patients with documented UTI should be placed 
on prophylactic antibiotics until structural imaging is completed. For sexu- 
ally active males, treat for bacterial epididymitis empirically using the CDC 
guidelines and encourage treatment of partners. All patients will benefit 
from scrotal elevation, scrotal support, and rest. It can take several weeks 
for symptoms and swelling to resolve completely. 


TRAUMA 


Testicular trauma is a common cause of acute scrotal swelling, bruising, 
and pain. Trauma can result in hematoma, hydrocele, or testicular fracture. 
Scrotal trauma is most common in males age 10-30, with the majority of 
cases being blunt trauma from sports related injuries (/5). Patients with scro- 
tal trauma typically present emergently and a rapid diagnosis is desirable to 
guide treatment. Ultrasound is ideal for assessment of scrotal trauma as it 
allows non-invasive evaluation of testicular integrity, blood flow, and scro- 
tal contents (/5). If the testis is fractured, the patient will require emergent 
surgery for closure of the tunica albuginea. Testicular salvage is reported at 
80-90% of cases (/5). Up to 50% of acquired hydroceles are from trauma 
(15). These, as well as hematoceles, tend to resolve on their own over time 
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and can be managed conservatively with observation. The patient should 
undergo exploratory surgery in the following cases: 


e Tunica albuginea disruption is visualized. 

e If the ultrasound findings are equivocal and there is high clinical suspicion 
for fracture. 

e If there is intratesticular hemorrhage and ultrasound is unable to visualize the 
fully intact tunica albuginea. 

e If the tunica appears intact on ultrasound but there is intra and extratesticular 
hemorrhage. 


When exploring for a suspected testicular fracture, initial evacuation of 
the hematocele may not reveal an apparent fracture. A common site to find a 
tear in the tunica albuginea is posterior at the root of the mediastinum testis 
hidden by an adherent epididymis. Always use an absorbable suture to close 
the fracture. 


IDIOPATHIC SCROTAL OEDEMA 


This is an uncommon cause of acute scrotal swelling. The clinical pre- 
sentation is acute onset of scrotal swelling and erythema, which is some- 
times bilateral. However, this condition differs from other causes of acute 
scrotal pathology in that it is painless and non-tender to palpation (//). The 
testicles will be palpable and the swelling is not reducible, as seen in an 
inguinal hernia. It has also been proposed to occur as part of an allergic 
reaction (//). 


ACUTE SCROTAL HYDROCELE 


Acute scrotal hydrocele occurs from abdominal fluid entering the scrotal 
sac via a patent processes vaginalis during straining (2). This form of acute 
scrotal swelling is often pre-pubertal and may be seen after acute distress 
from intra-abdominal pathology or coughing. The scrotum is non-tender 
to palpation. Color Doppler ultrasound will be negative for testicular tor- 
sion and a hydrocele will be evident. This can be managed on an elective 
basis. 


HENOCH-SCHONLEIN PURPURA 


Although rare, acute scrotum can be the initial presenting manifestation 
of Henoch-Schénlein purpura (2/). This is a syndrome characterized 
by systemic vasculitis of unknown cause. The patient will have non- 
thrombocytopenic purpura as well as skin, joint, intestinal and renal involve- 
ment. Involvement of the male genitalia has been reported in 2-38% of 
cases in the literature (2/). The patient develops bilateral, ecchymotic scro- 
tal swelling that is painful. Color Doppler ultrasound shows epididymal 
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enlargement, scrotal skin thickening, and hydrocele. There is no effect on 
intratesticular blood flow. The disease is generally self-limited and responds 
to steroid therapy (2/). 


UNCOMMON ETIOLOGIES 


More rare causes of acute scrotal pain and swelling include referred pain 
from retroperitoneal or intra-abdominal pathology including obstructing 
renal stones, psoas abscess, or perforated appendicitis (/6). Intra-abdominal 
fluid or hemorrhage can track via a patent processes vaginalis causing 
a hydrocele or hematocele. Testicular tumors have also been reported as 
a cause of acute scrotal swelling (/2). Meconium periorchitis is another 
uncommon cause of an acute scrotum in neonates (22). 


CONCLUSION 


Management of the acute scrotum should be timely and one should 
always consider testicular torsion in the differential. Color Doppler 
ultrasound is becoming the gold standard for diagnosis of acute scrotal 
pathology. In skilled hands it provides detailed anatomical and perfusion 
information that will aid in a definitive diagnosis. Based on clinical his- 
tory, physical exam, and imaging, the surgeon has the final responsibility in 
assigning management for acute scrotal pathology. 
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l 3 Hydronephrosis: Prenatal 
and postnatal 


Douglas E. Coplen 


Abstract Renal pelvic dilation is the most common “abnormality” that is identified 
on prenatal ultrasonography. In the majority of cases detection does not alter the 
course of the pregnancy. A genitourinary abnormality is rarely apparent at birth. This 
chapter discusses the appropriate prenatal evaluation and consultation in fetuses 
with renal dilation. The subsequent postnatal evaluation and management of renal 
pelvic dilation and hydronephrosis is discussed in the last half of the chapter. 


Keywords Hydronephrosis - Fetal renal dilation - Vesicoureteral reflux - UPJ 
obstruction - UVJ obstruction - Antenatal intervention 


INTRODUCTION 


Sonography was first used in 1964 to diagnose anencephaly. It is routinely 
used in obstetrical practices primarily related to high patient expectations 
and demand. The sensitivity of ultrasound widely varies depending upon the 
center performing the study and the anomaly. Ultrasound can identify major 
urologic abnormalities that may be apparent at birth (prune belly syndrome, 
bladder exstrophy, myelomeningocele) or can identify those that may not 
be clinically evident (i.e., renal pelvic dilation and hydronephrosis). When 
major abnormalities are identified, in utero intervention and pregnancy ter- 
mination are options available early in pregnancy. 

Historically the urologic conditions identified with fetal ultrasound pre- 
sented with infection or pain. In the early 1980s pediatric urologists were 
presented with a new population of asymptomatic patients. There was an ini- 
tial concern that an increased number of patients would undergo surgery but 
outcome data does not reveal an increased number of surgical procedures 
for these conditions in infants and children (/) over the last two decades. 
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The most appropriate management and follow-up of these newborns with 
hydronephrosis continues to be debated. 

There is only one randomized trial that evaluates the utility of prenatal 
sonography. The Routine Antenatal Diagnostic Imaging with Ultrasound 
trial (RADIUS) was performed in the late 1980s. Group 1 was randomized to 
ultrasounds early and late in pregnancy. The second group had ultrasounds 
only for medical indications. The fetal and maternal outcome was the same 
in both groups. The authors concluded that ultrasound screening for congen- 
ital abnormalities has no effect on perinatal outcome (2). 

A real benefit of prenatal diagnosis is decreased infectious morbidity. 
Neonates with antenatally detected hydronephrosis are started on antibi- 
otic prophylaxis at birth pending the post-natal radiographic evaluation. 
The subsequent incidence of infection in these children is very small (3). 
With the low incidence of infections, infant morbidity has decreased and 
the indications for surgical intervention have changed. Currently, pediatric 
urologists try to understand and predict the natural course of an anatomic 
abnormality in an asymptomatic patient. The indications for intervention 
in a newborn with posterior urethral valves are clear but the indications for 
intervention in a partially obstructed megaureter with 35% function are more 
debatable. 


PRENATAL HYDRONEPHROSIS 


Assessment of the fetal genitourinary tract is a part of every routine fetal 
ultrasound examination. If abnormalities are detected on the screening (dat- 
ing) ultrasound then a detailed study specifically focusing upon amniotic 
fluid volume, renal size and parenchymal architecture, collecting system 
architecture, and bladder fullness and function is performed. By 16 weeks 
the volume of amniotic fluid is maintained by fetal urine production and 
remains constant throughout gestation. A filled bladder should always be 
visualized and functional emptying should be seen every 30-60 min. Most 
centers can now identify almost 100% of normal kidneys during a routine 
“dating” scan at 17-19 weeks. Markedly dilated collecting systems can be 
identified as early as 12-14 weeks (4). 

Antenatal ultrasonographic detection of fetal genitourinary abnormali- 
ties was first reported in the 1970s. Bilateral renal agenesis, multicystic 
dysplastic kidney, infantile polycystic kidney disease, duplication anoma- 
lies, benign renal pelvic dilation, and hydroureteronephrosis are rou- 
tinely identified. Fetal renal dilatation constitutes 50% of detected prenatal 
abnormalities. 

The incidence of antenatally detected urinary tract dilatation can be as 
high as 1/100 but less than 20% of these may be clinically significant postna- 
tally. A prospective study of 11,986 pregnancies scanned at 17 and 33 weeks 
revealed 33 abnormalities (3/1000). Only three of these were identified 
at 17 weeks (5). Scanning late in pregnancy yields a higher incidence of 
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Fig. 13.1. Fetal ultrasound showing isolated minimal renal pelvic dilation bilaterally. 


sonographically evident collecting systems presumably because of a com- 
bination of delayed recanalization of the upper urinary tract and massive 
hypotonic urine output at that time Fig. 13.1. Fifty percent of cases detected 
after 28 weeks have post-natal imaging that is normal and only 1 in 1000 
children with a normal antenatal study was found to have a significant uro- 
logic abnormality during 18 month follow-up (The majority of these were 
reflux) (6). 

The anteroposterior diameter of the renal pelvis is the most reproducible 
measurement of RPD. The commonly accepted anteroposterior diameter 
cutoffs of RPD >4 mm at <33 weeks and >7 mm at >33 weeks for post- 
natal referral were described at our institution in 1991 with nearly 100% 
sensitivity but poor specificity for predicting postnatal obstruction (7). At 
times it is obvious that obstruction is very likely (See Fig. 13.2). 

During prenatal counseling parents often want to know if their child will 
have normal renal function and whether or not surgery will be required. 
Ultrasound reveals nothing with respect to renal function although the sono- 
graphic detection of cortical cysts and echogenic parenchyma implies that 
dysplasia and severe renal damage are present. Fortunately the majority of 
detected dilation is unilateral and amniotic fluid is normal throughout preg- 
nancy. In the absence of bilateral disease and in the presence of a normal 
contralateral kidney, nearly all of these children will have normal renal func- 
tion. Survival for fetuses with unilateral renal obstruction is virtually 100%. 
In these cases no further evaluation or intervention is required during the 
prenatal period. 
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Fig. 13.2. Massive dilation of the left kidney that progressed during pregnancy. Renal 
pelvis was adjacent to bladder on a 28-week US (a) and filled the majority of the 
abdomen at 38 weeks gestation. This infant had significant respiratory distress at birth 
and required percutaneous drainage for extubation. 


Prenatal Intervention 


In fetuses with bilateral hydronephrosis the possibility of bladder outlet 
obstruction needs to be entertained (Fig. 13.3). Oligohydramnios is the best 
predictor of an adverse prognosis in this group and the timing of develop- 
ment may be the most important determinant of fetal outcome. Identification 


Fig. 13.3. (a) Fetal MRI showing marked bilateral hydroureteronephrosis. (b) A dis- 
tended bladder (b) with a dilated prostatic urethra (PU) consistent with bladder outlet 
obstruction. Aminiotic fluid however is normal so there is no indication for prenatal 
intervention. 
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in the 3rd trimester has a far more favorable outcome than detection earlier 
in gestation. 

There was a great deal of interest in fetal intervention for obstructive 
uropathy in the 1980s and 1990s. In utero intervention is thought to improve 
neonatal outcome by relieving obstruction (optimization of eventual renal 
function) and restoring normal levels of amniotic fluid (prevention of pul- 
monary hypoplasia). Hemorrhage, sepsis, abortion, premature labor (respi- 
ratory distress syndrome), and occurrence of renal dysplasia and pulmonary 
hypoplasia despite technically successful intervention are significant risks 
that must be weighed against potential benefits. 

To avoid intervention in fetuses when not required or of no benefit, 
selection is a critical issue. Initial evaluation should begin with an in-depth 
ultrasound to confirm the diagnosis, the anatomic level of obstruction, the 
status of amniotic fluid, and the presence of associated anomalies (structural 
and/or chromosomal). If an associated life-threatening anomaly is present, 
the family should be counseled with respect to expectant management or ter- 
mination of pregnancy. Fetal renal function needs to be evaluated by study- 
ing fetal urine electrolytes, urine protein and the rate of bladder filling after 
vesicocentesis (22-gauge needle). The healthy fetus makes hypotonic urine. 
With progressive renal damage, proximal tubular function is harmed and the 
urine becomes isotonic. Elevation in urinary sodium, chloride, and osmo- 
lality are indicative of renal injury and may represent irreversible dyspla- 
sia. In this case, the fetus is not a candidate for intervention. Intervention is 
potentially beneficial to only a very small percentage of fetuses with obstruc- 
tive uropathy. Interventions should be focused early in gestation prior to the 
development of renal dysplasia. 

Most series show little improvement in urologic outcomes after in utero 
urinary tract decompression (percutaneous vesicoamniotic shunt, open fetal 
surgery, or fetoscopic surgery) for obstructive uropathy and oligohydram- 
nios (8). Children that survive after in utero intervention frequently have 
some degree of chronic renal insufficiency although their pulmonary func- 
tion may be normal. They may also have significant orthopedic defor- 
mity related to prolonged oligohydramnios and this may seriously impact 
respiration. 

Nonlethal conditions are best managed by early post-natal investigation 
and treatment, when indicated. If detection is late in gestation, the lungs 
can be tested for maturity and early delivery and post-natal decompression 
performed. 

Both catheter placement and open fetal surgery carry significant fetal and 
maternal risks. Because there is great emotional pressure favoring interven- 
tion, the justification to date has been based upon experimental data and 
highly selected clinical anecdotes. Twenty-seven years after the first fetal 
intervention the most important question still remains whether or not prena- 
tal surgical therapy can improve survival and reduce morbidity in affected 
fetuses/neonates. 
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POSTNATAL HYDRONEPHROSIS 


As previously stated, the majority of urinary tract dilation is now detected 
by in utero ultrasound. In the absence of symptoms it may represent a tran- 
sient physiologic condition, ongoing obstruction, or vesicoureteric reflux. 
Significant uropathy is present in one in 500 (9). A urologist must crit- 
ically evaluate these findings to determine their clinical significance and 
whether intervention is required (Fig. 13.4). Less frequently, hydronephrosis 
is detected because of an abdominal mass, urinary tract infection, inconti- 
nence, or association with other anomalies (i.e., VACTERL syndrome (ver- 
tebral, anal, cardiac, tracheal, esophageal, renal, and limb)), or abnormalities 
seen during contrast or radionuclide radiography. In older children, vague, 
poorly localized, cyclic, or acute abdominal pain associated with nausea is 
common. Many of these children are initially seen by gastroenterologists. 
The cause for the intermittent obstruction is unclear, but renal function is 
almost always preserved. Hematuria after minor trauma or vigorous exercise 
may be a presenting feature, most likely secondary to rupture of mucosal 
vessels in the dilated collecting system (/0). Episodic flank pain associated 
with diuresis is a common presenting feature in young adults but is uncom- 
mon in children. 
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Fig. 13.4. Neonatal ultrasounds in neonates with prenatal renal dilation (RPD). 
(a) Essentially normal study showing a dark renal pyramid and no RPD. (b) Renal 
pelvic dilation with minimal caliectasis. (c) Diffuse caliectasis and mild cortical thin- 
ning. (d) Severe hydronephrosis with cortical thinning. 
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When an antenatal diagnosis of renal pelvic dilation or hydronephrosis 
is made, the initial postpartum evaluation is performed at 10-14 days 
of life to avoid false-negative studies resulting from transitional nephrol- 
ogy and underestimation of dilation that can be present in the first few 
days of life. The newborn is placed on preventive amoxicillin (20 mg/kg 
once a day), pending evaluation. Sonography confirms the presence of 
pelvic and calyceal dilation, with variable thinning of the renal parenchyma 
(Fig. 13.4). The presence of corticomedullary junctions on US is indica- 
tive of preserved function. US is used to evaluate the contralateral 
kidney, the bladder, and the distal ipsilateral ureter to avoid confusion with a 
ureterovesical junction obstruction (UVJ), but it will not provide functional 
information. 

There has been extensive debate regarding the prenatal RPD threshold 
that triggers post-natal evaluation. This largely depends upon whether you 
are searching for obstruction and or reflux. Evaluation of renal pelvic dila- 
tion in conjunction with caliectasis and cortical thinning is well defined 
and usually includes a voiding cystourethrogram (VCUG) and a furosemide 
washout renal scan. Mild degrees of hydronephrosis are rarely indicative of 
significant urinary tract obstruction but may be indicative of vesicoureteral 
reflux. In general ultrasound is a poor predictor of reflux. As stated pre- 
viously, early thresholds were directed at 100% sensitivity for obstruction. 
However, these resulted in lower RPD thresholds which give a very high 
false-positive rate. It is known that a post-natal evaluation may not be bene- 
ficial and is unnecessary in many infants. 

Our recent series represents the largest prospective single center evalua- 
tion of RPD (//). The definition of pathology or uropathy is very important 
in the data interpretation. We chose to define renal obstruction as either a 
serial increase in hydronephrosis on postnatal sonography or declining func- 
tion on renal scintigraphy. We specifically did not base this on renal drainage 
times because some infants had prolonged drainage times on renal scintig- 
raphy (71/2>20 min) but dilation resolved with follow-up indicating that sig- 
nificant obstruction was not present. Using this definition we showed that 
a much larger RPD than is now commonly utilized more accurately dis- 
criminates between normal and obstructed kidneys. With long-term follow- 
up some smaller degrees of dilation may become symptomatic. This shows 
improved sensitivity and specificity for obstruction when a larger cut point 
is utilized. There is not an ideal threshold but a RPD of 15 mm, for example, 
accurately classifies the dilation (obstruction or benign dilation) 80% of the 
time (Fig. 13.5). 

When suspicion for obstruction exists, the diuretic isotope renogram 
is the most widely used and most useful technique in the evaluation of 
hydronephrosis, differential renal function, and drainage of kidneys. The 
early uptake of the tracer indicates unilateral renal function, while the 
washout, augmented by the administration of a diuretic, is evaluated and 
plotted by a computer. 
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Fig. 13.5. (a) Graphic comparisons of maximum prenatal diameters between groups 
with obstructive hydronephrosis and benign renal dilation. A box has several lines — 
median, upper quartile, lower quartile, 1.5 times the interquartile range (IQR). The data 
points beyond 1.5 IQR are denoted by filled squares. (b). The receiver operating char- 
acteristics curve characterizes the overall diagnostic accuracy of the maximum diameter 
for discriminating those infants with obstruction from those without obstruction. For 
example an RPD threshold of 15 mm discriminates obstruction in 80% of fetuses with 
a sensitivity of 73% and a specificity of 82%. 10 mm has a sensitivity of 82% and a 
specificity of 59% and 20 mm has a sensitivity of only 47% and a specificity of 91%. 


The study is obtained with either technetium 99m-diethylenetriamine 
pentaacetic acid (??"Tc-DTPA), whose renal clearance is by glomerular fil- 
tration, or ?°™Tc-mercaptoacetyltriglycine (?°™Tc-MAG3), whose clearance 
is predominantly via proximal tubular secretion. MAG3 is more efficiently 
excreted than °2"Tc-DTPA and gives better images, particularly in patients 
with impaired renal function. 

The technique for diuretic renography should be standardized (/2). 
Patients should be hydrated intravenously (15 mL/kg) 15 min before injec- 
tion of the radionuclide. An indwelling catheter maintains an empty bladder 
and monitors urine output. The diuretic (1 mg/kg furosemide) is not admin- 
istered until the activity in the hydronephrotic kidney and renal pelvis peaks. 
The tracer activity is then monitored for an additional 30 min, and a quan- 
titative analysis completed. Historically, persistence of more than 50% of 
the tracer in the renal pelvis 20 min after diuretic administration (T/2>20) 
is diagnostic of obstruction although the applicability of this cutoff in pedi- 
atric patients is widely debated. False-positive results may occur when the 
immature neonatal kidney fails to respond to diuretic, when the patient is 
dehydrated, when the bladder is distended, when dilating reflux is present, 
or when the pelvis is significantly dilated. 

Magnetic resonance (MR) urography can be used at any age. T2-weighted 
images are independent of renal function, and hydronephrosis is readily 
detected. The anatomic images are excellent, but a good US often gives 
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the same information. Enhanced MR with gadolinium can give information 
regarding differential function if one kidney is anatomically and functionally 
normal (/3). 

The excretory urogram has limited use in the newborn because the neona- 
tal kidney does not concentrate contrast well enough to provide adequate 
visualization of obstructed kidneys. It also is subjective with respect to dif- 
ferential renal function and degree of obstruction. The test may be indicated 
when more information is required regarding preoperative pelvic anatomy 
or to define better the level of obstruction when it is not clear from other 
studies. In the child with intermittent flank pain, an IVP may be diagnostic 
when performed during an episode of pain (Fig. 13.6). 


Fig. 13.6. Imaging in a male with a history of left prenatal dilation. The left dilation 
resolved by age 3 and the right kidney was always normal in appearance. (a) A non- 
contrast CT scan was obtained at age 5 when he was evaluated for severe right sided 
abdominal pain. A dilated renal pelvis is identified without urolithiasis. (b) IVP subse- 
quently confirms a dilated renal pelvis and a kink at the junction of the ureter and the 
renal pelvis. 


Indications for Surgical Intervention 


When dilation or hydronephrosis is present, intermittent obstruction and 
pain is probably the most reliable indication for surgery. Recurrent infections 
are often a relative indication for intervention. There is no absolute or perfect 
definition of obstuction. Colic will almost always disappear after surgery. 
Diminished function, delayed drainage, progressions of dilation on US, and 
loss of renal function are all potential indicators of obstruction. Relying on 
the morphologic appearance of a dilated renal pelvis by using excretory 
urography or US is an insufficient basis on which to proceed with opera- 
tion because many of these apparent abnormalities will completely resolve 
without surgical intervention (Fig. 13.7). The ongoing debate in the manage- 
ment of neonatal UPJ obstruction is the definition of significant obstruction 
(6). Diuretic renography has limitations in the neonate, although using the 
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Fig. 13.7. Neonatal severe pyelocaliectasis. (a) Ultrasonography shows cortical 
thinning, calyectasis, and renal pelvic dilation consistent with UPJ obstruction. 
A Furosemide washout renal scan showed symmetric function. The Tı» on the right 
was prolonged and was calculated to be 81 min. On the basis of good renal function, 
observation was elected. (c) Follow-up sonogram | year later is normal. Renal scan at 
this time showed symmetrical function with normal washout (5 min). 


“well-tempered” approach increases its value (/2). The accumulation of the 
isotope in the dilated collecting system is quite variable, so that the timing of 
the diuretic can be premature or delayed. The standard 7/2 cutoff of 20 min 
for obstruction in the neonate is misleading in many cases. Differential renal 
function or individual kidney uptake is the most useful information obtained 
during renography (/4). An indication for operative treatment is diminished 
renal function in the presence of an obstructive pattern on renography. The 
cutoff point is arbitrary, but most centers believe that 35-40% function in 
the hydronephrotic kidney warrants surgical correction. However, one series 
of patients followed up because of dilated kidneys having no more than 25% 
total renal function were found to improve to more than 40% of total func- 
tion in all cases without surgical treatment (/5). Long-term studies of kid- 
neys with greater than 40% function have shown that fewer than 15-20% 
will require surgical treatment for diminishing function, urinary tract infec- 
tions, or unexplained abdominal pain. Some of these will regain some lost 
function. 

The ultimate concern with an observational approach is that delay- 
ing surgical intervention until measurable deterioration of renal function 


Chapter 13 / Hydronephrosis: Prenatal and Postnatal 245 


occurs is suboptimal. Randomization to surgical and observational arms 
is complicated by a difficult decision that a parent has to make for the 
asymptomatic child (76). Whether more emphasis should be placed on sta- 
sis and less emphasis on differential renal function is an unanswered ques- 
tion. Pyeloplasty can be safely performed in the infant. Early intervention 
eliminates the indefinite period of surveillance. The decision to follow up 
neonates nonoperatively requires vigilance and parental cooperation to avoid 
unnecessary complications. 

If the child is first seen with acute pain or infection, it is advisable to 
wait 1-2 weeks to allow inflammation to resolve. Percutaneous drainage for 
sepsis is rarely required preoperatively. It should be strictly avoided in the 
absence of infection because of the inflammation that a tube in the renal 
pelvis induces. 

Exploration of a poorly functioning kidney requires assessment of the 
renal parenchyma. If the parenchyma is grossly dysplastic or frozen-section 
analysis shows only dysplasia, then nephrectomy should be performed. No 
test accurately predicts recovery of function, so nephrectomy is rarely per- 
formed in the infant with UPJ obstruction. 

Nonoperative management of the congenital UVJ obstruction is per- 
haps less controversial. Neonatal megaureter with obstruction suggested by 
renography but with preserved function can be safely observed. Most ureters 
will become radiographically normal with time(baskin). Surgical correction 
for decreasing function or recurrent infections is indicated in only 10-25% 
of patients in up to 7 years of follow-up. Evidence of delayed obstruction 
after normalization of radiographs has not been seen in these children. 


Hydronephrosis and Reflux 


Dilation or hydronephrosis may be indicative of reflux (incidence of 
5-40%). Most studies show no significant correlation between the degree 
of postnatal dilation and the presence of reflux (17). Consequently most 
authors recommend a VCUG in all infants with a history of RPD. Parents 
are frequently reluctant to consent to a VCUG since the test is thought to 
be relatively invasive and uncomfortable for the child (78). Presumably the 
goal of reflux detection is the prevention of infections and renal scarring, but 
the clinical significance of this reflux is unclear in many cases. The major- 
ity is low grade and will spontaneously resolve (79-20). In the absence of 
infections, reflux is not associated with progressive renal injury. Most of 
the discussion in recent years has focused upon defining subpopulations that 
should have a VCUG. 

We recently correlated pre- and postnatal US findings with reflux (27). 
Unlike the findings in the presence of obstruction there was no relation- 
ship between the magnitude of prenatal dilation and the presence of reflux. 
We did find that while post-natal ureteral dilation was not associated with 
a higher prevalence of reflux, caliectasis was a significant differentiator of 
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Table 13.1 
Percentage of infants with vesicoureteral reflux related to prenatal and 
postnatal ultrasound findings 


Ultrasound finding # infants % reflux 
No postnatal caliectasis 35 9% p<0.05 
Postnatal caliectasis 180 20% 

RPD < 10 mm and no caliectasis 22 5% p<0.02 
RPD < 10 mm and caliectasis 48 23% 

RPD > 10 mm and no caliectasis 13 15% 

RPD > 10 mm and caliectasis 132 25% 


reflux (Table 13.1). If a VCUG is not performed in the subgroup with- 
out caliectasis, the test could be avoided in 10-15% percent of the chil- 
dren (depending upon the prevalence in a given referral population). This 
approach would fail to diagnose low-grade reflux in only a small number of 
infants. Contrary to the recommendations of others this shows that isolated 
minimal pyelectasis is rarely associated with VUR and a tailored postnatal 
evaluation should be strongly considered in these infants (Fig. 13.8). 


Fig. 13.8. Prenatal images showed 10-15 mm of renal pelvic dilation bilaterally. Post- 
natal images show minimal renal pelvic dilation but caliectasis is present (a and b). 
Bladder views were normal with no ureteral dilaton evident. A VCUG shows bilateral 
high grade reflux. This is indicative of the importance of caliectasis as well as the mag- 
nitude of RPD when determining the extent of postnatal imaging. 
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There is some clinical experience with a selective evaluation in infants 
with RPD. A recent prospective study followed infants with <10 mm post- 
natal pelvic dilation and no calyceal or ureteral dilation. Fifty-one newborns 
were managed conservatively without a VCUG and prospectively followed. 
There were no infections or sequelae over 2 years in infants on no antimicro- 
bial prophylaxis (22). All children in the study had imaging at the end of the 
2-year period and there were no adverse renal outcomes. In a retrospective 
evaluation, Yerkes et al. identified 16 infants with less than grade 2 dilation 
that were followed without a VCUG and none developed infections. Infants 
in this subset who were evaluated with a VCUG had a 15% incidence of 
low-grade reflux (23). 


CONCLUSION 


Renal pelvic dilation is commonly identified prenatally but rarely requires 
prenatal intervention, influences pregnancy outcome, or alters the site of 
delivery. Postnatal referral of the asymptomatic newborn is the most com- 
mon reason for urologic evaluation. Because these infants have not had 
infections, pain or other signs and symptoms, determination of the signif- 
icance of the dilation and the need for surgical correction is often difficult. 
The magnitude of prenatal dilation and postnatal caliectasis can help direct 
the evaluation. 
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l 4 Vesicoureteral Reflux 


Jeffrey S. Palmer and Christina B. Ching 


Abstract Vesicoureteral reflux (VUR) is a common pediatric urologic condition. 
Several treatment modalities are available including observation and surgical inter- 
vention. The goal of surgical intervention is high success rate, minimal compli- 
cations, and reduced length of hospitalization. Recent advances in surgery have 
resulted in outpatient open and cystoscopic surgery. 


Keywords Vesicoureteral reflux - Urinary tract infection - etiology - Embry- 
ology - Cystography - Treatment - Extravesical reimplantation - Intravesical 
reimplantation - Laparoscopy - Endoscopic injection - Prophylactic antibiotics 


OVERVIEW AND EPIDEMIOLOGY OF VESICOURETERAL 
REFLUX 


Vesicoureteral reflux (VUR), one of the most common urologic abnor- 
malities in children (/), is defined by the retrograde flow of urine from the 
bladder to the upper urinary tract (2, 3). The incidence of VUR is 0.4-1.8% 
in the general pediatric population (4, 5) and as high as 30-40% of children 
that presents with an acute urinary tract infection (UTD (/, 6). Since the nat- 
ural history of reflux is to spontaneously resolve (60-80% natural resolution 
of grades I-III reflux), the true incidence is difficult to ascertain (5). The 
incidence of reflux initially found in newborn males is higher compared to 
females (6:1 ratio) (7), which is believed to be secondary to higher voiding 
pressures. However, with increasing age reflux is more common in females. 
A genetic predisposition, likely autosomal dominant in trait (3, 5), is demon- 
strated by a 66% rate of reflux in the offspring of refluxing patients (8), 
approximately 32% of patient’s siblings, and 100% of identical twins. There 
is some debate as to the utility of sibling screening of reflux given it is not 
the reflux itself, but rather its nephrologic consequences that are of concern; 
some suggest that it is better to screen a sibling with noninvasive tools to 
detect cortical abnormalities (such as with ultrasonography or nuclear renal 
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scan) before screening for reflux itself in a so called “top-down approach” 
(3). African descent appears to protect against reflux with a tenfold decrease 
chance of reflux in those individuals (9). 

It was in the 1950s that Hutch first noted the relationship between VUR 
and chronic pyelonephritis in a population of paraplegic patients (/0). Hod- 
son linked children with urinary tract infections (UTIs) and renal scarring 
to VUR (//). In 1979, Ransley and Risdon defined the pathophysiology of 
reflux nephropathy, tying together urinary infections, pyelonephritic scar- 
ring, and reflux (/2). 


ETIOLOGY OF REFLUX 


VUR is categorized into primary and secondary reflux. Primary reflux 
refers to an abnormal ureterovesical junction (UVJ) while secondary reflux 
refers to an overwhelmed otherwise normal UVJ. Generally the ureter, blad- 
der, and UVJ work together to prevent both types of reflux (Fig. 14.1). 
The normal peristaltic activity of the ureter alone should propagate urine 
in an antegrade direction (/3) while the functional compliance of the blad- 
der should keep intraluminal pressures low to prevent back pressure and 
reflux. Just as importantly, the anatomy of the UVJ itself, such as the intra- 
mural ureteral length, prevents the retrograde flow of urine. In primary VUR, 
the fundamental deficiency is in the UVJ anti-reflux anatomy or mecha- 
nism — usually the intramural tunnel length — while the bladder and ureters 
are normal. In contrast, secondary reflux is caused by bladder dysfunction 
(congenital, acquired, or behavioral) overwhelming an otherwise normal 
anti-refluxing UVJ. Examples of secondary reflux include posterior ure- 
thral valves, neurogenic bladder, and dysfunctional voiding, which may also 
involve constipation. 


Bladder wall 


Peritoneum 


Fig. 14.1. Anatomy of the ureter, bladder, and ureterovesical junction working together 
to prevent vesicoureteral reflux. Reprinted with permission, Cleveland Clinic Center for 
Medical Art & Photography © 2004-2010. All Rights Reserved. 
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EMBRYOLOGY 


Primary reflux is thought to be caused by an anomaly during morpho- 
genesis where a ureteral bud inserts high and lateral in the bladder wall (3). 
This is a result of the early budding of the ureter from the mesonephric or 
wolffian duct. The ureter is thus poorly incorporated into the bladder wall 
with a shorter than normal length of intravesical ureter (4). The more dis- 
tant the site of origin of the bud from the wolffian duct, the more severe the 
degree of reflux. In contrast, if the ureteral bud is late in joining the blad- 
der wall, the ureter inserts distally and medially resulting in what is known 
as an ectopic ureter. Normally, reflux is prevented by a simple flap valve- 
type mechanism reliant on the intravesical ureteral length. Bladder filling 
compresses the intravesical ureter against the bladder muscle, subsequently 
closing the intravesical portion of the ureter to prevent retrograde flow (5, /4, 
15). Paquin described a 5:1 relationship between intravesical tunnel length 
and ureteral diameter necessary to prevent reflux. Given that the upper uri- 
nary tract and the ureteral bud develop as a unit, an early or late budding 
ureter may not properly stimulate a nephrogenic blastema, resulting in con- 
comitant renal agenesis or dysplasia. In fact the finding of renal agenesis 
or a multicystic dysplastic kidney necessitates ruling out concomitant VUR 
(3, 5). 


PRESENTATION/SYMPTOMATOLOGY 


The rational for treating reflux has been to prevent renal damage; how- 
ever, the clinical spectrum of vesicoureteral reflux ranges from being asymp- 
tomatic and clinically silent to overt renal failure. Reflux itself is benign, 
but the reflux of infected urine is believed to be damaging to the renal 
system secondary to scarring. There is an association between reflux with 
urinary tract infections and renal scarring, with resulting decreased renal 
function, hypertension, and if severe enough, chronic kidney disease (16). 
Reflux nephropathy is one of the major causes of childhood hypertension 
and chronic renal failure (7, 2). However, given that reflux can in fact be 
clinically silent and is only of clinical significance when associated with 
infection, there is some speculation that VUR could be a normal variant in 
the population of interest only in those predisposed to infection (3). 


DIAGNOSIS 


Given that reflux only poses a problem in a subset of patients with the 
finding, the real diagnostic dilemma is determining those with greatest risk 
of renal damage if reflux is found. Younger children are more sensitive 
to renal scarring from a single episode of pyelonephritis than older chil- 
dren with the greatest risk for post-infectious renal scarring occurring in 
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children less than 1 year old (/7). It is suggested that children younger than 
5 years old with an UTI, all children with a febrile UTI, and any male with 
a UTI regardless of age or fever be ruled out for VUR (3). The diagno- 
sis of a urine culture proven UTI is necessary, as well as a thorough his- 
tory and physical exam including circumcision status and method of urine 
collection. 

The diagnosis of VUR is a radiographic diagnosis and cannot be made by 
routine cystoscopy. Voiding cystourethrogram (VCUG) requiring catheter- 
ization of the patient’s bladder is the gold standard for diagnosis of VUR. 
Renal ultrasonography (RUS) can be used as a screening tool if the fam- 
ily or treating physician seeks a less aggressive method of evaluation with 
subsequent cystogram if renal abnormalities are identified. VCUG can be 
performed under fluoroscopy with an iodinated contrast, or it can be done 
with a radiopharmaceutical agent such as technetium Tc 99 pertechne- 
tate. In the later, scintigraphic gamma cameras detect reflux. Such imag- 
ing has a much lower radiation exposure than that of fluoroscopy and 
greater sensitivity than the former, but the latter has poor anatomic detail 
(i.e., less specific grading of reflux and evaluation of bladder neck/urethra) 
(3, 18). 

Positioning instillation of contrast at the ureteral orifice (PIC technique) 
is a contemporary, controversial means of diagnosing reflux. It is designed 
for the subset of patients with recurrent febrile UTIs but normal VCUG. 
The theory is that these patients may have “occult” reflux that is not demon- 
strated on normal cystography (/9). These patients may have patulous or 
laterally located orifices that are distendable during endoscopic evaluation 
allowing reflux (20). Tareen et al. demonstrated evidence of upper tract scar- 
ring/infection on imaging in 5 patients with a positive PIC even though their 
VCUG was negative (2/). Hagerty et al. found that once patients with occult 
reflux were identified and treated, they had a significant reduction in inci- 
dence of febrile UTIs; thereby suggesting a high utility in PIC cystography 
(20). Overall, the stated sensitivity and specificity of a PIC cystogram is 100 
and 87%, respectively (/9). 

There are few factors making the PIC technique controversial including 
the reported follow-up of approximately only a year. Another issue is the 
technique of performing the cystogram itself. For example, the instillation 
process itself could theoretically iatrogenically cause enough pressure to 
overwhelm an otherwise normal UVJ and cause reflux. Hagerty et al. refute 
this possibility by stating that elevating the contrast 1 m above the level of 
the bladder and allowing the gravity flow of contrast keeps intravesical pres- 
sures physiological (< 20 cm water) (20). Another consideration is that the 
finding of reflux on PIC cystogram may not change management given most 
patients with recurrent UTIs are placed on prophylactic antibiotics anyway. 
A beneficial feature of the PIC cystogram, however, is the possibility of a 
therapeutic endoscopic intervention at the time of a positive PIC cystogram 
(20, 21). 
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GRADING 


There are five grades of reflux as defined by the International Reflux 
Study Committee (22). The grade describes the involvement of the ureter, 
renal pelvis, and calyces on cystogram imaging of refluxing radiographic 
contrast. The grade of primary reflux is an important determinant in predict- 
ing spontaneous resolution of reflux (3). 


Grade I: reflux into nondilated ureter 

Grade II: reflux into the pelvis and calyces without dilatation 

Grade III: mild to moderate dilatation of the ureter, renal pelvis, and calyces 
with minimal blunting of the fornices 

Grade IV: moderate ureteral tortuosity and dilatation of the pelvis and calyces 

Grade V: gross dilatation of the ureter, pelvis, and calyces, loss of papillary 
impressions, and severe ureteral tortuosity 


OTHER UROLOGIC CONSIDERATIONS WITH VUR 


An ureteropelvic junction obstruction (UPJO) is another very common 
pediatric urologic diagnosis and can be found concurrently in a pediatric 
patient with reflux. It is more common, however, for reflux to be found in 
association with a UPJO (11%) compared to UPJO found in association with 
reflux (0.75%) (23). Secondary UPJO may be a result of high grade reflux 
kinking the upper ureter or creating ureteral inflammation and thus a func- 
tional UPJO. If both VUR and the UPJO are deemed necessary for surgical 
correction, the UPJO is usually corrected first to eliminate possible worsen- 
ing transient obstruction as a reimplant heals (23). VUR can also be found 
in the case of ureteral duplication, associated with the lower pole moiety 
secondary to a more lateral and proximal insertion of its ureter. 


PREGNACY AND VUR 


The potential for future pregnancies must be taken into account in 
young girls with reflux. Bacteriuria increases during pregnancy secondary 
to decreased bladder tone from edema and hyperemia. There is also physi- 
ologic dilatation of the upper collecting system that can potentiate the slow 
transit of urine and thus bacterial growth (3). Women with a history of VUR 
do have a higher incidence of UTI during pregnancy than those without 
reflux (38 versus 6%), regardless of whether their VUR was ever corrected 
(24). Otherwise VUR itself has minimal impact on any morbidity associated 
with pregnancy. What has been shown to have significant impact on preg- 
nant females is the presence or absence of renal scarring. Once again, it is 
not the reflux itself, but its sequelae that results in morbidity. Renal scar- 
ring has been associated with an even higher incidence of UTI than patients 
with VUR and a higher incidence of hypertension (in first pregnancies), pre- 
eclampsia, and low birth weight (24). 
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TREATMENT OPTIONS 


Spontaneous resolution of reflux depends on initial grade and age of diag- 
nosis, and unilateral versus bilateral condition. For example, the younger 
age of diagnosis and the lower initial grade of reflux have a higher chance 
of spontaneously resolution compared the older child and higher grade of 
reflux. Also, the child with unilateral compared to bilateral grade 3 reflux has 
a greater chance of spontaneous resolution. The physician should have a dis- 
cussion with the parents on all of the treatment options discussing both the 
published and personal success rates with the different options. This expla- 
nation is important since the management of reflux can result in a great deal 
of anxiety for parents. 

Management of vesicoureteral reflux consists of three main options: (/) 
antibiotic prophylaxis, (2) open/laparoscopic surgery, and (3) cystoscopic 
injection. These categories can be subdivided into specific treatment modal- 
ities based on surgical technique and material used for cystoscopic injec- 
tion with an ever continuing effort to improve outcome, decrease morbidity, 
and enhance efficiency. Again, it must be stressed that dysfunctional voiding 
must be identified and appropriately addressed first and treated before being 
able to adequately address VUR either medically or surgically. This princi- 
ple also applies to the treatment of constipation and neurologic etiologies. 
When a child with a sacral dimple or tuft of hair, for example, is identified, 
a neurologic cause should be determined. 


MEDICAL MANAGEMENT - PROPHYLACTIC ANTIBIOTICS 


The optimal management of VUR is controversial, but antibiotic suppres- 
sion has long been a primary tool of management used (25). The reasoning 
behind the use of antibiotic suppression is based on the observation that 
VUR may spontaneously resolve with time (2) and that renal damage is 
due to infection rather than reflux itself (5). As a result, the goal is the pre- 
vention of UTIs until VUR resolves. Amoxicillin in children younger than 
2 months of age and trimethoprim-sulfamethoxazole and nitrofurantoin in 
children older than 2 months are commonly used antibiotics for suppres- 
sion. Dosing is administered at nighttime given that is the time of longest 
physiologic retention of urine (3, /8). It has been shown 51% of VUR can 
resolve without renal scarring simply on prophylactic antibiotics (26); this 
efficacy, however, is dependent on patient compliance. In a study by Hensle 
et al., they found only 17% of patients were compliant with therapy with a 
mean patient compliance of 41.4% (27). One of the potential complications 
of long-term antibiotic use is the development of antibiotic resistance with 
resulting breakthrough infections. There is also the risk of side effects such 
as nausea, vomiting, abdominal pain, and bone marrow suppression (2, 28). 
The 2006 International Reflux Study compared surgery or antibiotic pro- 
phylaxis in 252 children treated for VUR. After 10 years of follow-up, they 
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found no overall difference between treatment modalities in new renal scar- 
ring, renal growth function, DMSA scan, or GFR. There was a significantly 
higher frequency of pyelonephritis in the medical group (p < 0.03), however. 
Their recommendations were to base treatment on anticipated patient com- 
pliance, available local expertise, and family preference (6). 


OPEN SURGICAL TREATMENT 


Since the development of open surgical correction for primary VUR in 
the 1950s, it has been considered the gold standard of treatment (29). The 
cure rate for open surgery regardless of technique is between 95 and 100% 
(4, 30, 31). 

Indications for surgical intervention include unsuccessful medical man- 
agement and breakthrough infections on antibiotic prophylaxis (2, /6, 32), 
persistent high grade reflux (IV-V) (2, 5, 33), persisting or worsening VUR 
(32), and/or significant or progressing renal scarring (33, 34). Some relative 
indications include patients in whom antibiotic compliance may be an issue 
(34), complex anatomy such as a large hutch diverticulum, and/or in patients 
with persisting VUR after 1-2 endoscopic interventions (4, 35). 

The main principle of surgical correction is to fulfill the Paquin 5:1 ratio 
of ureteral length to ureteral diameter with appropriate elongation of the 
intravesical submucosal ureteral tunnel (/4, /5), permitting only the unidi- 
rectional antegrade flow of urine (4, 36). Detrusor muscle may be used to 
over-sew the tunnel for further support contributing to the anti-reflux, valve- 
like effect (3). Successful anti-reflux surgery includes (/) preservation of 
renal function; (2) recreation of a competent ureteral tunnel; and (3) elimi- 
nation of recurrent UTI (37). 


Types of Surgery 

The basic steps of reimplantation are (/) ureterolysis, (2) creation of a 
new ureteral tunnel, (3) ureteral advancement, and (4) anastomosis of ureter 
with bladder. The anastomosis between the ureter and bladder can be done 
in continuity known as a nondismembered repair or with the ureter discon- 
nected from the bladder in what is called a dismembered repair (38). Close 
attention to the direction of entry of the submucosal tunnel into the bladder 
is necessary in order to prevent ureteral kinking, angulation, or stenosis. 

These steps can be completed intravesically, extravesically, or a combi- 
nation of both. The techniques differ by how the ureter is approached and 
whether one opens the bladder for ureteral reimplantation or not. There are 
various benefits and complications related to each technique described with 
continual effort to try decrease morbidity and increase efficacy. 


256 Palmer and Ching 


Intravesical Ureteral Reimplantation 


In intravesical ureteral reimplantation, the bladder is opened in order to 
mobilize the ureter, create a longer submucosal tunnel, or for the actual reim- 
plantation technique. It can be used as part of the surgical approach or for 
the entirety of the operation. Postoperative catheter drainage is usually per- 
formed for an appropriate period of time to ensure adequate healing. 

One of the most common intravesical reimplantation techniques is the 
Cohen cross-trigonal reimplant (39) (Fig. 14.2). This technique consists of 
directing a tunnel across the trigone toward the contralateral bladder wall 
in order to lengthen the submucosal distance. The ureters follow the nor- 
mal curve of the bladder decreasing the risk of ureteral kinking with subse- 
quent obstruction. In bilateral reimplantation, the ureters end up on oppos- 
ing bladder walls, each in their own separate tunnel to prevent adhesions. 
This procedure is well suited for small, thick walled bladders and is ideal 
when used in conjunction with bladder neck reconstruction given the supe- 
rior displacement of the ureters. As an added overall benefit, there is virtually 
no risk of passing through bowel or broad ligament as is possible with the 
Politano-Leadbetter approach (40). Given these factors as well as a success 
rate of up to 99% (31), it has been historically a popular treatment option. 
Its main disadvantage is the alteration in anatomy making later retrograde 
catheterization difficult for radiographic studies, stent insertion, and man- 
agement of nephrolithiasis. In a study evaluating minimally invasive treat- 
ment for upper tract nephrolithiasis in patients with previous cross-trigonal 


Fig. 14.2. Cohen cross-trigonal ureteral reimplantation. Reprinted with permission, 
Cleveland Clinic Center for Medical Art & Photography © 2004-2010. All Rights 
Reserved. 


Chapter 14 / Vesicoureteral Reflux 257 


reimplantation, they found these patients required more invasive intervention 
for their nephrolithiasis as compared to those patients whose reimplantation 
was not cross-trigonal. Ureteral access after a cross-trigonal technique can 
be challenging. 

Another technique is the Politano-Leadbetter, initially described in 1958 
(Fig. 14.3). In this technique, the native ureter is brought through a new 
hiatus superior to its old one, elongating the submucosal tunnel. The tech- 
nique is actually a combination of an intravesical and extravesical approach: 
the ureter is initially mobilized intravesically but then passed extravesically 
before being brought back inside the bladder through its new hiatus. Ulti- 
mately, while the ureter enters the bladder superior and medial to the orig- 
inal orifice, it is in normal anatomic position, enabling later ureteroscopic 
manipulation if necessary. The major risk of the procedure is entering the 
peritoneum and injuring bowel given the blind extravesical portion of the 
surgery. The procedure is contraindicated in megaureters or if the patient is 
past puberty in age (30). 


Fig. 14.3. Politano-Leadbetter ureteral reimplantation. Reprinted with permission, 
Cleveland Clinic Center for Medical Art & Photography © 2004-2010. All Rights 
Reserved. 


The Glenn-Anderson technique is another intravesical modality (4/) 
(Fig. 14.4). Success rates have been reported as high as 98% with this repair. 
In this technique, a longer submucosal tunnel is created by advancing the 
ureter distally and medially toward the bladder neck through its original hia- 
tus. This technique is simplistic and rapidly executable. The visibility of the 
terminal ureteral segments is excellent with minimal dissection or trauma 
to the paravesical space. Given the ureters are advanced to a physiologic 
position in the trigone, the risk of angulation or kinking is decreased (36). 
The one drawback is that tunnel length is limited by the distance from the 
original hiatus to the bladder neck. There has been a modification described, 
however, where a large hiatus is intentionally developed to permit at least 
another 6-8 cm of distal mobilization (36). 
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Fig. 14.4. Glenn-Anderson ureteral reimplantation. Reprinted with permission, Cleve- 
land Clinic Center for Medical Art & Photography © 2004—2010. All Rights Reserved. 


Extravesical Ureteral Reimplantation 


Lich and Gregoir separately described an extravesical repair for VUR in 
1961 and 1964, respectively (42, 43). In this technique, there is no pene- 
tration of the bladder mucosa; the juxtavesical ureter is isolated and a sub- 
mucosal bed for the ureter is created by incising the detrusor superiorly and 
laterally to the ureteral hiatus. The detrusor is then sutured over the ureter. Of 
note, this method of reimplantation is widely used in renal transplantation. 
In a modification by Zaontz of what has now become known as the Lich- 
Gregoir repair, the ureteral orifice is advanced after making the extravesical 
incision in the detrusor muscle to further lengthen the submucosal tunnel 
(44). 

The extravesical approach affords several advantages over the intravesi- 
cal techniques. Given the bladder mucosa is not entered, there is no post- 
operative hematuria and less reported bladder spasms. Ureteral stenting is 
unnecessary unless there is simultaneous tapering of the ureter as part of 
the repair/reconstruction (Fig. 14.5). Success rates have been quoted near 
if not comparable to intravesical repairs, ranging from 94% as originally 
described by Lich in 37 patients to as high as 97.7% in a series of 429 ureters 
(37, 44). Akin to these findings of decreased hematuria and pain, as well, as 
earlier time to discharge, recent investigations have looked into performing 
extravesical reimplants on an outpatient basis. An outpatient reimplantation 
reduces the risk of hospital-acquired infections and potentially reduces the 
psychological trauma of hospitalization on children (45, 46, 47). The most 
recent studies to evaluate the plausibility of outpatient ureteral reimplan- 
tation have been done by Palmer (48, 49, 50) (Fig. 14.6). He reports the 
success of using a family-centered care, along with critical pathway, and 
modified operative technique in performing extravesical repairs on an out- 
patient basis. In one of his more recent study, he evaluated 60 children (51 
girls and 9 boys) between 0.9 and 10.5 years of age (mean of 5.1 years) 
who underwent extravesical reimplant. Twenty-four unilateral and 36 bilat- 
eral procedures were performed. Fifty-four children (90%) were able to be 
discharged home the same day; the other six children (10%) went home the 
following day. All of the patients who underwent a unilateral procedure were 
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Fig. 14.5. Ureteral tapering for dilated ureter. Reprinted with permission, Cleveland 
Clinic Center for Medical Art & Photography © 2004-2010. All Rights Reserved. 


D E F 


Fig. 14.6. Extravesical ureteral reimplantation with Palmer modification. Reprinted 
with permission, Cleveland Clinic Center for Medical Art & Photography © 2004-2010. 
All Rights Reserved. 


able to be discharged the same day, while 83% of the bilateral procedures 
were discharged same day. When evaluating the last 40 consecutive patients 
(14 unilateral and 26 bilateral), all patients were discharged home the same 
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day of surgery within 5 h after surgery. This was able to be done without 
increased morbidity or the need for additional analgesics. None of the chil- 
dren required hospitalization after discharge, experienced urinary retention, 
or were diagnosed with an acute urinary tract infection (48). 

Historically, extravesical reimplantation has been reserved for unilateral 
reflux given the risk of transient urinary retention following bilateral reim- 
plantation (49). This has been the main criticism of this technique and has 
been thought secondary to injury of small branches of the pelvic plexus 
(5/). It has been reported that approximately 15-20% of patients undergo- 
ing bilateral reimplantation have temporary voiding dysfunction (52). The 
nerves involved in this process have been localized to the medial aspect of 
the ureter traveling outside the mesoureter (5/). They subsequently form a 
network around the ureter just outside Waldeyer’s sheath at the ureterovesi- 
cal junction, continuing in the detrusor muscle distal and lateral to the ureter 
upon entry into the bladder (53). Transection, suturing, excessive electro- 
cautery, or simply neuropraxia from tissue handling can result in nerve 
injury causing unilateral or bilateral detrusor impairment (54). By limiting 
dissection to between the mesoureter and ureteral adventitia, prudent elec- 
trocautery, restricting the detrusor incision distal to the UVJ, and gently han- 
dling the tissue injury can be avoided. In a study that limited dissection to 
the lateral ureterovesical attachments, the incidence of acute urinary reten- 
tion was decreased to 2% (55). 

McAchran and Palmer specifically evaluated their experience with bilat- 
eral reimplants in 50 toilet-trained patients with even more encouraging 
results on voiding dysfunction. They reported no cases of acute urinary 
retention for their series (54). As their surgical technique, they performed 
a Zaontz modification of the Lich-Gregoir repair, limiting ureteral dissec- 
tion, ureteral mobilization, and detrusor dissection to as distally as possible. 
They specifically minimized surrounding dissection and preserved the oblit- 
erated umbilical artery to avoid damage to the afferent nerve fibers arising in 
proximity to the obliterated umbilical artery. They established a critical path- 
way for preoperative, intraoperative, and postoperative management of the 
patient that they believed was an integral factor in their success. The pathway 
includes extensive parental and patient education and a strict postoperative 
regimen of aggressive ambulation and timed voiding. This was in effort to 
prevent bladder overdistention, decreased bladder contractility, diminished 
awareness of bladder sensation, and decreased micturition reflex activity. In 
their study, all patients were able to be discharged the day following surgery. 
In follow-up, all patients were cured of reflux on voiding cystourethrogram. 

Most recently, Palmer updated his experience with bilateral extravesical 
repair, including further refinement of his critical pathway and surgical tech- 
nique. He included 84 toilet-trained children (64 girls and 20 boys) between 
1.9 and 12.8 years of age (mean of 4.6 years) all undergoing bilateral extrav- 
esical reimplants. The initial 78 patients (93%) were discharged on postoper- 
ative day number one; however, the most recent six patients were discharged 
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on the same day as surgery. All patients voided spontaneously postoperative 
without any instances of urinary retention. There were no cases of acute 
urinary tract infections and no patients required rehospitalization. On post- 
operative voiding cystourethrogram, all patients had radiographic resolution 
of their vesicoureteral reflux (50). 

Extravesical reimplantation can be used as an effective salvage therapy. In 
a study evaluating feasibility of performing extravesical reimplantation after 
failed endoscopic injection, there were no reported intraoperative complica- 
tions for the 30 patients undergoing extravesical reimplantation after dex- 
tranomer/hyaluronic acid failure (56). All but two patients were discharged 
home within 24 h postoperatively; prolonged bladder drainage was not nec- 
essarily after the surgery. The only noticeable intraoperative finding was that 
bleb migration occasionally resulted in a smaller caliber ureter for reimplan- 
tation. 


LAPAROSCOPIC TECHNIQUES 


While open surgery has been highly successful in treating VUR, inter- 
est has continued regarding other techniques that might improve the cur- 
rent standard of success while reducing patient morbidity and medical cost. 
There is also social pressure to find minimally invasive techniques of treating 
VUR (34). Given the rise in popularity in laparoscopy for many modalities of 
surgery, it has also been investigated as an alternative, “less invasive” proce- 
dure to open VUR surgery with the goal of decreased postoperative bladder 
spasms and faster catheter removal, reduced incisional pain, and improved 
cosmesis (32). Studies have shown that the main limiting factor for length of 
hospitalization has been the presence of a bladder catheter, not pain control 
(35), emphasizing the importance of this parameter. 

Laparoscopic reimplantation (either extravesical or intravesical) using 
the same principles as the previously described open surgeries have been 
reported (4). Both the Cohen cross-trigonal and the Gil-Vernet meatal 
advancement repairs have been described laparoscopically. In the Gil- Vernet 
procedure, the mucosa of the trigone is incised vertically and both ureters 
are reapproximated to the midline with a single submucosal suture. Unfor- 
tunately, however, his has only been met with a roughly 60% success rate 


(57). 


Laparoscopic Transvesical Reimplantation 


Laparoscopic transvesical reimplantation approach applied the open tech- 
niques laparoscopically (58, 59, 60). During intravesical repair, the laparo- 
scopic ports are initially placed transvesically with subsequent insufflation 
of the bladder (4). Glycine irrigation was initially reported to distend the 
bladder (59); however, subsequently the bladder has been insufflated with 
carbon dioxide, yielding a 96% success rate after laparoscopic Cohen 
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cross-trigonal ureteral reimplantation (60). Kutokov et al. looked at their 
experience using vesicoscopic cross-trigonal reimplantation for VUR or 
Glenn Anderson repair for primary obstructing megaureter in 32 patients 
(32). In the reflux arm, the observed postoperative success rate was 92.6% 
while being 80% in the primary obstructing megaureter arm. The authors 
noted that dissection of the intramural ureter and intravesical suturing were 
the most challenging parts of the operation; visibility was obscured given the 
limited intravesical space combined with effluxing urine and bleeding from 
the detrusorotomy. They reported a 12.5% incidence of postoperative urine 
leak — either at former port sites or at the neoureterovesical anastomosis. 
Their incidence of ureteral stricture at neoureterovesical anastomosis was 
6.3%. They found that children < 2 years old and bladders < 130 milliliters 
in volume were at risk for higher complications, likely due to the technical 
complexity of this procedure in an already restricted space. 


Laparoscopic Extravesical Reimplantation 


Extravesical reimplants have also been performed laparoscopically with 
various challenges specific to this repair. Even extravesically, exposure is 
limited and is particular to trying to locate and dissect out the ureter. Create 
the extravesical tunnel without injuring the urothelium has also been noted 
to be of difficulty. Again, the laparoscopic technique takes longer than the 
open technique (3, 4). one study found it took a mean of 1.75 h for unilateral 
and 3.75 h for bilateral laparoscopic Lich-Gregoir reimplants as compared 
to 30 min and 1 h for open Lich-Gregoir (6/). 


CYSTOSCOPIC INJECTION 


Cystoscopic injection is another minimally invasive technique. 
Matouschek first described endoscopy intervention in 1981 (62) and it 
was clinically popularized by O’Donnell and Puri (63). In this technique, 
a submucosal injection of material is made at the refluxing ureteral orifice 
to bolster the intravesical portion of ureter. This leads to coaptation of the 
distal ureter and thus prevents reflux (5, 64). The procedure itself can be 
quite short (performed in as quickly as 15 min), requiring a short anesthetic, 
and is associated with minimal postoperative care. The postoperative nar- 
cotic pain control is minimal and overall hospital stay needs only be 2-3 h 
(/, 41). It is an easily repeated technique if necessary, as well. Unfortu- 
nately, its main limitation is that its overall efficacy is less than that of open 
surgery and there is questionable long-term safety information available 
(41). Success rates with endoscopic injection only approach those of open 
surgery after two or more injections (32); even then, there is concern for 
long-term durability of this procedure with long-term failure rates quoted 
anywhere between 17 and 91% (33). 
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Endoscopic management has been compared to surgical intervention for 
VUR in a meta-analysis by Elder et al. In their analysis, they reviewed 63 
articles of 5526 patients with 8101 renal units. They found decreasing rates 
of success of a single endoscopic treatment for increasing grade of reflux, 
regardless of the type of injection material used: 78.5% for grade I/II, 72% 
for grade III, 63% for grade IV, and 51% for grade V. When more than one 
endoscopic procedure was performed, the aggregate success rate rose only 
to 85-87%; conversely, open surgical correction results in success rates of 
96% for children with grades I-IV reflux as reported by the AUA guide- 
lines (78). As a result, Elder et al. concluded reflux resolution was favorable 
with endoscopic management, however, was not as successful as definitive 
open surgical correction and may in fact required two or three procedures 
(25). 

Yu et al. reported an 82.2% success in patients after one endoscopic injec- 
tion that rose to 90.7% when repeated in a second injection (28). In a study 
that looked at success of a single injection in patients with both unilateral 
and bilateral reflux, they found an overall success rate of 82.3% in 195 
patients treated with polydimethylsiloxane (65). Given endoscopy can be 
easily repeated, the efficacy of increasing number of injections has been 
investigated (66). In patients who failed initial endoscopic treatment, a 90% 
cure rate was found upon second injection. Of four patients with persistent 
VUR after a second injection in this study, one resolved after a third injec- 
tion, one failed a third injection, and two opted for a different intervention 
option. Similarly, only a 34% success rate after a third endoscopic injection 
has been quoted in another meta-analysis by Elder (23), suggesting a low 
yield with more than two endoscopic treatments and encouraging consider- 
ation of an alternative treatment at that point (66). 

Importantly, variables predicting success of endoscopic treatment have 
been sought to enable appropriate patient selection. It is well established 
that failure rate of endoscopic treatment increases with increasing grade of 
reflux (/). Ina multivariate analysis, greater physician experience, lower pre- 
operative grade reflux, and lack of previous injection therapy significantly 
improved success of endoscopic intervention (p < 0.05) (67). Generally, 
early failure of endoscopic treatment or persistence of reflux is considered 
a technical failure, secondary to misplacement of the injection material or 
technical difficulties. The injection may be too deep to cause appropriate 
coaptation or may migrate out of place along Waldeyer’s sheath. Technical 
difficulties may arise due to anatomical anomalies such as a complex duplex 
system, a neurogenic bladder, or failed previous bladder surgery. Late failure 
or recurrence of reflux has in the past been attributed to the type of material 
used for injection (unstable or biodegradable). More recently, however, bleb 
migration has been thought to play an important role. This phenomenon, 
seen more frequently in unstable bladders and children >3 years of age, 
may be due to micturition itself and/or high bladder pressures displacing 
the material medially and distally (68). 


264 Palmer and Ching 


Injection Material 


The type of material used in endoscopic treatment has been of consid- 
erable interest. A variety of materials have reportedly been used: including 
polytetrafluoroethylene paste (PTFE, Teflon), dextranomer/hyaluronic acid 
(Deflux®), polydimethylsiloxane (PDS), bovine collagen, chondrocytes, fat, 
and even autologous blood (5, 25, 34). The ideal characteristics of an injec- 
tion material include inert in nature, low in cost, easy to inject but viscous 
enough to create a compact bolus, result in minimal tissue reaction, and be 
noncarcinogenic (25, 64, 69). The material should be stable with low risk for 
migration, absorption, or reduction in size once injected (25, 69). PTFE has 
been found in one comparison study to be most effective with a 63% cure 
rate in comparison to dextranomer/hyaluronic acid and collagen which were 
53 and 56%, respectively (69). In a study looking at 1—4 injections of PTFE, 
they found a success rate of 95% (70). This success has been demonstrated to 
be sustained for up to 11-17 years of follow-up in another study (7/). While 
widely used in Europe, PTFE has never gained FDA approval in the USA 
due to reports of particle migration to other organ systems such as regional 
lymph nodes, the central nervous system, and lungs. Given roughly 90% of 
the particles are <40 um in size, there is the potential for direct injection of 
the particles into capillaries and their subsequent embolization (25, 34, 64). 

Some other agents investigated include cross linked bovine collagen. It 
does not appear, however, to have good durability over time and raises the 
possibility of an immunogenic response (5, 34, 64). Autologous injectable 
materials such as blood, fat, chondrocytes, and bladder muscle cells have 
also proven ineffective given their risk for biodegradation and contraction 
(i.e., only 8% efficacy with autologous blood (69)). The only FDA-approved 
agent in the USA, currently, is dextranomer/hyaluronic acid (Dx/HA, aka 
Deflux®). Approved in October 2001, dextranomer is biodegradable, non- 
allergenic, nonmutagenic, with no immunogenic properties. Dx/HA therapy 
has shown only a slight decrease in volume of <20% over time. It has not 
been associated with embolization or far migration (25, 66). Its overall suc- 
cess with first injection has been quoted at roughly 69% (34). 


CONCLUSION 


VUR can be a threat to renal health in some patients, but may also pose 
simply a passing phase in the developing child’s anatomy. Those children 
requiring surgical intervention have several surgical modalities that can be 
utilized. Open ureteral reimplantation is the gold standard for surgical cor- 
rection of VUR. With the aid of good techniques both in and out of the 
operating room, ureteral reimplantation may routinely become an outpatient 
procedure, as described by Palmer (48, 50, 54). Minimally invasive options 
such as laparoscopic and cystoscopic techniques continue to be developed 
to determine their future in surgical management of VUR. 
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Abstract Congenital urinary tract obstruction is distinct from obstruction in the 
mature kidney in as much as it induces various degrees of renal dysplasia and 
hypoplasia. The vast majority of prenatally detected uropathies does not require 
fetal interventions because of acceptable postnatal renal function and unaccept- 
ably high fetal morbidity and mortality secondary to the procedure. Symptoms vary 
depending on age of diagnosis and include urinary tract infection, urosepsis, failure 
to thrive, pain, nausea, hematuria, and hypertension. The underlying principle for 
the determination of obstruction by imaging studies is delayed excretion of contrast 
agents/tracers in a dilated urinary system. The availability of only two treatment 
options for urinary tract obstruction, observation or surgery, has created a great deal 
of controversy when to intervene. Indications for surgery are greatly individualized 
and depend on a multitude of clinical variables including the urologist’s experi- 
ence and parental preference. This chapter discusses the etiology, epidemiology, 
presentation, diagnosis, and treatment of the most common and some rare entities 
of urinary tract obstruction in children. 


Keywords Hydronephrosis - Urinary tract obstruction - Ureteropelvic junction - 
Ureterovesical junction - Posterior urethral valves 
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US Ultrasound 

IVP Intravenous pyelography 
VUR Vesicoureteral reflux 
UTI Urinary tract infection 
ESRD End stage renal disease 
UPJ Ureteropelvic junction 


VCUG _ Voiding cystourethrography 
MAG-3 _  Mercaptoacetyltriglycine 
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DTPA Diethylenetriaminepentaacetic acid 


DRF Differential renal function 

T1/2 Half time excretion of radiotracer 

MRU Magnetic resonance urography 

RTT Renal transit time 

RPG Retrograde pyelogram 

IVC Inferior vena cava 

CT Computed tomography 

MRI Magnetic resonance imaging 

UVJ Ureterovesical junction 

PUV Posterior urethral valves 

AUV Anterior urethral valves 
INTRODUCTION 


Urinary tract obstruction is defined as any condition restricting urinary 
flow that already has or will impair renal function or renal function 
development. Urinary tract obstruction presents with collecting system 
dilation proximal to the level of obstruction and is seen on imaging stud- 
ies as hydronephrosis. Congenital urinary tract obstruction is distinct from 
obstruction in the mature kidney. Obstruction in the developing kidney 
induces various degrees of renal dysplasia and hypoplasia and causes rising 
creatinine (glomerular injury), acidosis (tubular injury), and nephrogenic 
diabetes insipidus (collecting duct injury); all or one of these abnormali- 
ties may be present. Renal dysfunction may be progressive if the urinary 
tract obstruction remains uncorrected and even with a previously corrected 
obstructing lesion that has inflicted renal damage. Renal obstruction is the 
largest single cause of renal failure and comprises 23% of all indications 
for transplantation (/). With the increasing usage of ultrasound (US) screen- 
ing during pregnancy, most congenital obstructive uropathies are diagnosed 
prenatally and a rising number of patients are referred to the pediatric 
urologist for prenatal counseling. The vast majority of prenatally detected 
uropathies, however, does not require fetal interventions because of accept- 
able postnatal renal function and unacceptable high fetal morbidity and mor- 
tality secondary to the procedure. Consequently, prenatal counseling focuses 
on parental education and reassurance as well as on outlining a postnatal 
plan of management. Table 15.1 lists indications for fetal intervention and 
Table 15.2 summarizes the work-up of prenatal hydronephrosis. Most cases 
of urinary tract obstruction that are discovered before birth will not pro- 
duce clinical manifestations. Symptoms vary depending on age of diagnosis 
and include urinary tract infection, urosepsis, failure to thrive, pain, nausea, 
hematuria, and hypertension. The availability of only two treatment options 
for urinary tract obstruction, observation or surgery, has created a great 
deal of controversy when to intervene. Indications for surgery are greatly 


Chapter 15 / Urinary Tract Obstruction 271 


Table 15.1 


Indications for fetal intervention 


XY karyotype 

Absence of major congenital malformations 
Bilateral hydronephrosis 

Distended bladder 

Dilated posterior urethra 

Oligohydramnios 

Favorable fetal urinary indices 

Singleton pregnancy 

Non-cystic kidney 


Table 15.2 
Postnatal management of prenatal hydronephrosis 


Postnatal management Indications 

Antibiotic prophylaxis All cases except mild hydronephrosis 

Ultrasound Bilateral prenatal hydronephrosis of any degree 
Unilateral renal pelvis AP diameter >10 mm in third 

trimester 

VCUG Hydronephrosis on postnatal ultrasound or 
All cases of prenatal hydronephrosis 

MAG-3 scan Severe unilateral or bilateral hydronephrosis 


individualized and depend on a multitude of clinical variables including the 
urologist’s experience and parental preference. 


HYDROCALYCOSIS 


Hydrocalycosis is defined as a cystic dilation of a major calyx and is 
very rare. It is caused by either an extrinsic obstruction such as a para- 
pelvic cyst or vessel or by stenosis (infection, trauma) or without obvi- 
ous cause. The calyceal dilation is usually mild and asymptomatic with 
the most common symptom being flank pain; however, urinary stasis can 
lead to infection, stones, or hematuria. Differentiation of hydrocalycosis 
from caliectasis secondary to ureteral obstruction, large calyceal divertic- 
ulum, and megacalycosis is essential and made by intravenous pyelogra- 
phy (IVP). A dismembered infundibulopyelostomy is indicated in cases of 
vascular obstruction whereas infundibular stenosis is treated by intubated 
infundibulotomy or partial nephrectomy. Percutaneous approaches are pre- 
ferred because of their low associated morbidity. 
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INFUNDIBULOPELVIC DYSGENESIS 


Infundibulopelvic dysgenesis is caused by stenosis of one or more 
infundibula with or without the renal pelvis. Congenital obstruction is the 
underlying reason for cystic dysplasia, a focal form of multicystic dys- 
plastic kidney. Infundibulopelvic dysgenesis is usually found bilaterally 
and is frequently associated with vesicoureteral reflux (VUR). Patients 
usually present with urinary tract infection (UTI), hypertension, or flank 
pain. Prognosis is poor secondary to significant unilateral renal dam- 
age or end stage renal disease (ESRD) in all patients with bilateral 
involvement. 


URETEROPELVIC JUNCTION OBSTRUCTION 
Epidemiology and Etiology 


Ureteropelvic junction (UPJ) obstruction occurs when the flow of urine 
from the renal pelvis to the ureter is restricted. If left uncorrected it will 
lead to progressive renal deterioration. UPJ obstruction may occur in all 
age groups; however, a biphasic distribution is found in the neonatal period 
because of the detection of antenatal hydronephrosis and later in life due 
to clinical manifestation. UPJ obstruction is more common in boys than in 
girls and left-sided lesions predominate; however, bilateral UPJ obstruction 
is present in 10-40%. Underlying causes are classified as primary and sec- 
ondary UPJ obstruction. The exact pathogenesis of primary congenital UPJ 
obstruction is unknown. Primary intrinsic UPJ obstruction demonstrates a 
narrowed UPJ, which may be the result of a disrupted development of the cir- 
cular musculature and extracellular matrix. Other intrinsic causes are valvu- 
lar mucosal folds, persistent fetal convolutions, and upper ureteral polyps. 
The most common cause of extrinsic obstruction is an accessory lower pole 
vessel, which passes anteriorly to the UPJ and causes mechanical obstruc- 
tion; it is a major cause of UPJ obstruction in adults. Secondary UPJ obstruc- 
tion is associated with high-grade VUR in 10%, due to ureteral dilation and 
kinking. The treatment algorithm for secondary UPJ obstruction and VUR 
stipulates to relieve the obstruction first; endoscopic treatment of obstruc- 
tion and VUR in the same setting may be considered. UPJ obstruction is 
frequently associated with other urinary tract anomalies. Contralateral UPJ 
obstruction is found in 10-40% of cases and renal dysplasia and multicys- 
tic dysplastic kidney are the next most common anomalies. UPJ obstruction 
can occur in a duplicated system, horseshoe kidney, or ectopic kidney. UPJ 
obstruction occurs in 9% of children with VATER association and is found 
with renal agenesis in 5%. VUR occurs in 40% of children, often low-grade 
with high likelihood of spontaneous resolution. UPJ obstruction is the most 
common cause of prenatal hydronephrosis (48%) followed by multicystic 
dysplastic kidney. 
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Presentation and Diagnosis 


Most infants were diagnosed by prenatal sonography and are 
asymptomatic. Urinary tract infection is the leading symptom in children 
beyond the neonatal period (30%). UPJ obstruction is less frequently seen 
during childhood and adolescence and is most often caused by aberrant 
lower pole parenchymal vessels that cross over the UPJ. In older children, 
intermittent flank pain (Dietl’s crisis) with or without nausea and vomit- 
ing is the prominent symptom. Hematuria may occur after mild abdomi- 
nal trauma in 25% of children. In the young adult, intermittent flank pain 
associated with increased diuresis is most common. Rarely, hypertension 
is the presenting symptom. The underlying principle for the determina- 
tion of obstruction by imaging studies is delayed excretion of contrast 
agents/tracers in a dilated urinary system. Based on abnormal prenatal US 
findings, a postnatal US is obtained between 2 and 4 weeks of life to allow 
improvement of the newborn’s physiologic dehydration. Further evaluation 
includes a voiding cystourethrogram (VCUG) to rule out concurrent VUR. 
US cannot diagnose obstruction but high-grade or worsening hydronephro- 
sis suggests obstruction. Refined ultrasonic methods may further improve 
the accuracy of diagnosis but are infrequently utilized (renal parenchyma to 
pelvocaliceal area index of less than 1.6; resistive index of >0.75) (2, 3). 
Radionuclide renography is the most commonly obtained study to assess 
renal function and the degree of renal obstruction. The method of choice is 
a well-tempered renogram, which requires sufficient hydration and catheter 
placement (4). No consensus exists whether to administer the diuretic prior, 
at, or after injection of tracer material. °°" Tc-MAG-3 is the preferred radio- 
tracer because it provides higher image quality and more accurate values 
than °°™Tc-DTPA because it remains essentially within the intravascular 
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Fig. 15.1. MAG-3 renogram of a 17-month-old girl with L grade 3 hydronephrosis. 
L DRF 47%, R DRF 53%, R T1/2 14 min, L T1/2 >30 min. 
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space (Fig. 15.1). A half-time clearance of radioisotope of longer than 
20 min denotes obstruction, whereas a half-time clearance of less than 
10 min is consistent with a non-obstructed system. Indeterminate results 
range from 10 to 20 min and the renal scan may be repeated after several 
months; a further decline in differential renal function would be consistent 
with obstruction. Magnetic resonance urography (MRU) allows evaluation 
of morphology, vascular anatomy, renal function, and drainage in a single 
study. Gadolinitum-DTPA serves as tracer molecule and can be observed as 
it transits through the renal parenchyma on serial image acquisitions. The 
renal transit time (RTT) is the time from first tracer appearance in the renal 
cortex to its appearance just distal to the UPJ. A RIT of less than 4 min 
is consistent with normal drainage. A RTT between 4 and 8 min denotes 
equivocal findings and a RTT of longer than 8 min obstruction. MRU does 
not employ ionizing radiation so that multiple studies may be obtained to 
follow hydronephrosis (5). Whitaker studies are in general not performed 
but may be useful in cases of equivocal findings or recurrent UPJ obstruc- 
tion. After placement of a percutaneous renal catheter and bladder catheter, 
the renal pelvis is perfused with dilute contrast at a rate of 10 ml/s. Differen- 
tial pressure of renal pelvis and bladder is determined. Pressure differences 
less than 15 cm H20 are found in non-obstructed systems, 15-20 cm H20 
are equivocal, and more than 20 cm H20 indicates obstruction. 


Management and Complications 


Management of UPJ obstruction comprises observation and surgery. 
Given the wide clinical spectrum of UPJ obstruction, it is very difficult 
to determine which patient will benefit from intervention and in whom it 
is not needed. Indications for surgical treatment are obstruction defined 
by excretory studies, diminished or worsening differential renal function 
on sequential studies (<40%), and clinical symptoms (e.g., febrile UTI, 
hematuria). The surgical technique most commonly applied today is the 
Anderson-Hynes dismembered pyeloplasty due to its broad applicability, 
which includes preservation of accessory vessels, excision of the UPJ, and 
reduction pyeloplasty. Since diuretic renograms do not demonstrate the UPJ 
and ureter, a retrograde pyelogram (RPG) is performed at the time of the 
pyeloplasty. The RPG may be omitted if the anatomy is well visualized pre- 
operatively on MRU or IVP. Open surgical approaches include subcostal, 
flank, and dorsal lumbotomy. The dorsal lumbotomy approach is appropriate 
in children less than 2 years but not in the muscular adolescent. The open dis- 
membered pyeloplasty is well tolerated by young children and the benefits 
of laparoscopy not readily apparent. Principles of dismembered pyeloplasty 
include excision of the narrowed UPJ, spatulation of the ureter, optional 
placement of ureteral stent and Penrose drain, Foley catheter for 1-2 days, 
and anastomosis with absorbable suture. Lower pole UPJ obstruction can 
occur in incomplete renal duplications and is treated depending on the length 
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of ureter distal to the UPJ with either a dismembered pyeloplasty (long 
ureter) or a pyeloureterostomy. Minimally invasive techniques include endo- 
scopic approaches and laparoscopic pyeloplasty. Endoscopic treatment of 
UPJ obstruction can be performed in the adolescent and preadolescent child 
in an antegrade and retrograde fashion. The retrograde method of choice 
utilizes the Acucise device (ureteral cutting balloon catheter) for endopyelo- 
tomy. Antegrade endopyelotomy can be achieved under direct vision with a 
cold knife, electrocautery, or laser. A ureteral stent is left for 6 weeks. An 
ideal situation for endopyelotomy is the failed pyeloplasty because the UPJ 
is in dependent position and narrowed by a stricture, and a nephrostomy 
tube is already in place (6). Laparoscopic pyeloplasty can be performed via 
transperitoneal and retroperitoneal approaches. Robotically assisted pyelo- 
plasty overcomes the difficult laparoscopic suturing and therefore makes 
pyeloplasty available to surgeons without advanced laparoscopic experi- 
ence (7). Early complications include prolonged urinary drainage from the 
Penrose drain, which in general improves with observation. If it persists 
beyond 14 days, a ureteral stent may help. If a patient presents postoper- 
atively with fever, pain, and significant hydronephrosis, a nephrostomy tube 
is necessary. Lack of drainage for a prolonged time necessitates further inter- 
vention (endopyelotomy, redo pyeloplasty, ureterocalicostomy). 


PREURETERAL VENA CAVA 


This anomaly is also known as circumcaval or retrocaval ureter and 
involves the right ureter, which courses posteriorly to the inferior vena cava 
(IVC) and crosses from a medial to lateral direction anteriorly. The anomaly 
is caused by persistence of the subcardinal vein in the lumbar portion trap- 
ping the ureter dorsally. The incidence is 1:1500, 3—4 times more common 
in males than in females. The more common type I produces hydronephro- 
sis secondary to obstruction with a fishhook-shaped deformity of the ureter. 
The type II ureter passes behind the IVC at a higher level and causes less 
obstruction and hydronephrosis. Although a congenital lesion, patients do 
in general not present until the third or fourth decade of life with symptoms 
of flank pain and UTI. Diagnosis is made with US, CT scan, or MRI, which 
can define the vascular anatomy. Treatment of choice is the Anderson-Hynes 
dismembered pyeloplasty, originally described in a case of preureteral 
vena cava. The retrocaval segment may be aperistaltic and needs to be 
excised. 


VASCULAR OBSTRUCTION OF THE DISTAL URETER 


A retroiliac ureter (preureteral iliac artery) passes posteriorly to the com- 
mon iliac artery, is rare, and obstruction unusual. The condition is found 
with equal frequency on both sides and can occur bilaterally. Associated 
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genitourinary anomalies are frequently encountered such as ureteral ectopia 
or ectopia of the vas deferens. Obstruction of the distal ureter by uterine, 
umbilical, obturator, and internal iliac vessels has been described. 


URETERAL STENOSIS AND STRICTURE 


A ureteral stenosis is defined as congenital narrowing of the ureteral 
lumen whereas a ureteral stricture implies a secondary etiology. The patho- 
genesis of a ureteral stenosis is unknown but is most likely caused by a dis- 
rupted mesenchymal development of ureteral musculature. The area with the 
highest incidence of ureteral stenosis is the UPJ followed by the distal ureter 
just above the ureterovesical junction (UVJ), and rarely the mid-ureter at 
the pelvic brim; multiple areas may be affected. The clinical manifestations, 
diagnosis, and treatment options depend on the level of stenosis. 


URETERAL VALVES 


Ureteral valves are transverse folds of redundant mucosa, which contain 
smooth muscle and are an uncommon cause of obstruction. Ureteral valves 
are diaphragmatic or annular lesions with a pinpoint opening. The ureter is 
dilated above and normal below it. The valves are distributed throughout the 
length of the ureter, least common in the midureter or at the UPJ. Symptoms 
include flank pain, UTI, incontinence, and hematuria. Ureteral valves are 
distinct from mucosal folds and may be formed secondary to an underly- 
ing obstruction by elongation, dilation, and kinking of the ureter. Treatment 
options of ureteral valves comprise resection, primary anastomosis, and, if 
renal function is significantly impaired, nephrectomy. 


PERSISTENT FETAL FOLDS 


Persistent fetal folds (Oestling’s folds) are a common finding in the third 
trimester and may persist until the newborn period in 5% of ureters and 
gradually disappear with growth. Such folds are mucosal in-folds which do 
not flatten when the ureter is stretched. Fetal folds are caused by differential 
ureteral and body growth, represent a length reserve, and are in general not 
obstructive. Persistent fetal folds, which contain muscle and act as a valvu- 
lar leaflet at the UPJ may become obstructive. Ureteral obstruction may be 
relieved by dissection of the affected ureteral segment and elimination of 
kinking, however, more commonly requires excision. 


ECTOPIC URETER 
Epidemiology and Etiology 


An ectopic ureter inserts into the bladder neck or more distally into 
mesonephric or paramesonephric duct derivatives with variable frequency 
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Table 15.3 
Ectopic ureteral insertion sites 
in boys and girls 

Males 

Posterior urethra 47% 
Seminal vesicle 33% 
Prostatic utricle 10% 
Ejaculatory duct 5% 
Vas deferens 5% 
Females 

Urethra 35% 
Vestibule 34% 
Vagina 25% 
Cervix or uterus 5% 


(Table 15.3). As a general rule, the more remote ureteral insertion is asso- 
ciated with a higher degree of renal hypoplasia and dysplasia. An ectopic 
ureter may be severely obstructed causing massive hydroureteronephrosis. 
In girls the majority of ectopic ureters (80%) are associated with a dupli- 
cated system; in boys most ectopic ureters drain a single system. Ectopic 
ureters are found bilaterally in 5-15% and with a unilateral ectopic ureter 
a contralateral duplicated system is not uncommon. Ectopic ureters may 
occur with anomalies of the internal genitalia such as duplicated vaginas, 
hemivaginas, and bicornuate uteruses. 


Presentation and Diagnosis 


Continuous incontinence or persistent vaginal discharge in a girl without 
voiding dysfunction after toilet training is the classic symptom of an ectopic 
ureter because the ureter inserts distal to the urinary sphincter. Patients with 
ectopic ureters into the proximal urethra often experience VUR and urge 
incontinence. In boys all extravesical insertions are proximal to the external 
sphincter and do therefore not produce urinary incontinence, however, they 
often present with UTI or epididymitis. Ectopic ureters are readily seen on 
prenatal US and identified by hydroureteronephrosis secondary to obstruc- 
tion. Postnatal evaluation confirms the diagnosis. Physical exam in girls may 
demonstrate continuous dribbling and sometimes an orifice is identified at 
the urethrovaginal septum. US shows hydronephrosis of a single or dupli- 
cated system with a hydroureter posterior to a normal bladder. While MAG-3 
renography provides renal function and drainage data, MRU acquires both 
functional/drainage and anatomical information (Fig. 15.2). In 50% of cases, 
VUR into the lower pole is seen and sometimes into the ectopic ureter. VUR 
during storage implies an orifice proximal to the bladder neck and VUR 
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Fig. 15.2. MRU (T2-weighted image) of L ectopic ureter with hydroureteronephrosis 
in a 4-month-old boy. R DRF 82%, L DRF 18%, R RTT 6 min, L RTT >25 min. 


with voiding a distal orifice. Ectopic ureteral orifices may be identified by 
cystoscopy and vaginoscopy and a ureteral catheter can be placed in order 
to obtain an RPG. 


Management 


The majority of ectopic ureters drain minimally functioning renal moi- 
eties and upper pole heminephrectomy is indicated. In some cases renal 
function is worth salvaging with either ureteropyelostomy or common/single 
sheath ureteral reimplantation. Postoperatively, anatomy and function of the 
lower pole are evaluated with a nuclear renogram or MRU. Surgical alterna- 
tives are laparoscopic nephrectomy or heminephrectomy through a transab- 
dominal or retroperitoneal approach, or robotically assisted laparoscopy. If 
the ureteral orifice inserts proximal to the sphincter, endoscopic dilation of 
the orifice may relieve the obstruction (8). 


URETERAL FILLING DEFECTS 


Renal papillary necrosis is uncommon in the pediatric population except 
in patients with sickle cell disease, and may occur secondary to hypoxia, 
dehydration, and sepsis. When necrotic renal papillae slough, unilateral or 
bilateral ureteral obstruction can develop, and ureteral stent or percutaneous 
nephrostomy placement becomes necessary. 

In children with disseminated candidiasis the kidney is the most com- 
monly affected organ. Predisposing factors for fungemia include antibiotic 
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treatment, prematurity, vascular catheters, parenteral nutrition, and immuno- 
compromised status. Fungal bezoars may form in the renal pelvis causing 
obstruction or anuria in cases of bilateral involvement. Although urinary 
alkalinization and IV antifungals can dissolve fungal balls, some patients 
may require percutaneous access for local irrigation or removal. 

Blood clots most commonly seen after percutaneous renal biopsy may 
cause ureteral obstruction in children. Ureteral catheter placement is the 
treatment of choice; however, clot resolution by infusion of streptokinase 
via ureteral catheter has been described (9). 

Most filling defects of the upper collecting system represent benign con- 
ditions. The most common lesion is a fibroepithelial polyp. Patients present 
with symptoms of obstruction (flank pain, hematuria) and management con- 
sists of segmental resection and ureteral reconstruction. Recently, percuta- 
neous resection was shown to be an effective treatment option. 


URETEROCELE 
Epidemiology and Etiology 


A ureterocele is defined as a cystic dilatation of the terminal ureter. 
The location of an intravesical ureterocele is entirely within the bladder, 
whereas an ectopic ureterocele extends to the bladder neck or further dis- 
tally. Ureteroceles are more frequently found in girls (4:1) and almost exclu- 
sively in Caucasians. Eighty percent are associated with the upper poles of 
duplicated systems, 10% are bilateral, whereas single system ureteroceles 
are usually found in adults. 


Presentation and Diagnosis 


Children with ureteroceles most commonly present with UTI or urosep- 
sis and should consequently receive antibiotic prophylaxis. Physical exam 
may reveal significant hydronephrosis and sometimes demonstrate a pro- 
lapsed ectopic ureterocele. If the ureterocele is large enough it can obstruct 
the bladder neck or the contralateral ureteral orifice and result in bilat- 
eral hydroureteronephrosis. Ectopic ureteroceles can cause incontinence by 
inhibiting normal sphincteric function. Ureteroceles are often diagnosed by 
prenatal US. Postnatal US demonstrates most commonly a duplicated kidney 
with upper pole hydroureteronephrosis, and a ureterocele within the bladder. 
The ureterocele may be missed if the bladder is overdistended and the urete- 
rocele effaces, or if the bladder is empty and the ureterocele is interpreted 
as partially filled bladder. A minute upper pole moiety can go unnoticed 
with a large ureterocele (ureterocele disproportion). A large hydroureter 
posterior to the bladder may be mistaken for a ureterocele (pseudourete- 
rocele). Signs of a duplicated system on IVP are a poorly functioning upper 
pole, lateral deviation, drooping-lily sign, and reduced number of calyces. 
VCUG demonstrates the ureterocele and presence of VUR in general in the 
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ipsilateral lower pole unit. Up to 30% of patients have contralateral VUR 
due to distortion of the bladder trigone. VUR into the ureterocele is uncom- 
mon and happens more commonly when an ectopic ureterocele opens into 
the urethra. VCUG images should be obtained at early filling stages because 
ureteroceles efface and may evert at later filling stages and appear as blad- 
der diverticula. If the side of a ureterocele is indeterminate, contrast can be 
injected during cystoscopy. Radionuclide radiographies are used to evaluate 
renal function and the degree of obstruction. 


Management 


The goals of treatment are manifold and include preservation of renal 
function, elimination of infection, obstruction, and reflux, maintenance of 
urinary continence, and minimizing surgical morbidity. Early institution of 
antibiotic prophylaxis is paramount. The upper tract approach (upper pole 
nephrectomy and partial ureterectomy, ureteropyelostomy) aims at decom- 
pressing the ureterocele and spontaneous resolution of the ipsilateral VUR. 
In cases of high-grade VUR, everting ureterocele, or ectopic ureterocele, a 
combined upper tract and lower tract approach is necessary because VUR 
is less likely to resolve. For patients likely requiring a secondary procedure 
(high-grade VUR, prolapsed ureterocele), septic patients not responding to 
antibiotics, and ureteroceles causing bladder outlet obstruction, a uretero- 
cele puncture is recommended. Ureterocele puncture is performed with a 
3-French Bugbee electrode near the base of the ureterocele and proximal to 
the bladder neck. The goal is to relieve the obstruction and to allow the col- 
lapsed ureterocele to act as a flap valve in order to prevent VUR. Endoscopic 
punctures of ectopic ureteroceles are less successful than of intravesical 
ureteroceles. The lower tract approach consists of ureterocele excision and 
common sheath ureteral reimplantation. An alternative treatment option is 
to relieve obstruction in a functioning upper pole by ureteroureterostomy or 
pyeloureterostomy. 


Single System Ureteroceles 


Single system ureteroceles are usually found in adults and rarely seen 
in children. They are almost always found in orthotopic position and 
obstruction tends to be less severe than in ureteroceles associated with a 
duplicated system. Urinary stasis and UTI predispose patients to stone for- 
mation within the ureterocele and upper urinary tract. The cobra-head defor- 
mity is the classic sign of a single system ureterocele on IVP. Upper urinary 
tract changes are usually mild. Single system ureteroceles are amenable 
to endoscopic puncture with a lower incidence of postoperative VUR. 
Alternatively, transvesical ureterocelectomy with ureteral reimplantation 
may be performed. 
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Prolapsing Ureteroceles 


Ureteroceles can prolapse through the bladder neck and urethra and 
present as vaginal masses. Prolapsing ureteroceles can be distinguished 
from other interlabial masses (rhabdomyosarcoma, urethral prolapse, 
hydrometrocolpos, periurethral cyst) on physical exam. A prolapsed urete- 
rocele appears spherical; the surface is smooth and usually pink. Prolapsing 
ureteroceles may cause bladder outlet obstruction and the first line treatment 
is manual reduction; however, recurrence is likely. A urethral catheter can be 
placed anteriorly to the ureterocele. In an acutely obstructed child a uretero- 
cele incision or transurethral incision should be attempted; if still obstructed 
open unroofing or ureterocelectomy will be successful with elective ureteral 
reimplantation. 


URETEROVESICAL JUNCTION OBSTRUCTION 
Epidemiology and Etiology 


Ureterovesical junction (UVJ) obstruction produces dilation of the renal 
pelvis and ureter (hydroureteronephrosis). A hydroureter is defined as a 
ureteral diameter greater than 5 mm whereas ureters wider than 7-8 mm 
are considered megaureters irrespective of their underlying etiology (i.e., 
VUR and/or obstruction). UVJ obstruction accounts for 25% of prenatally 
detected cases of urinary tract dilatation. Causes of UVJ obstruction can be 
classified as primary and secondary. The most common finding of a primary 
obstructed megaureter is an aperistaltic juxtavesical (adynamic) ureteral seg- 
ment that prevents normal urine flow. Abnormal development and alignment 
of ureteral smooth muscle cells with increased deposition of collagen at the 
UVJ manifest in irregular and insufficient peristalsis (ureteroarrythmias). 
Secondary causes of UVJ obstruction produce a relative narrowing at the 
UVJ, such as bladder outlet obstruction with detrusor hypertrophy (e.g., pos- 
terior urethral valves, neurogenic bladder), periureteral post-reimplantation 
fibrosis, chronic urinary tract infections with transmural scarring, or exter- 
nal compression by retroperitoneal masses. Iatrogenic UVJ obstruction 
may occur after anti-reflux procedures. Bilateral ureteral obstruction after 
endoscopic treatment is rare (0.6%). Factors that may increase the risk of 
obstruction after injection treatment are voiding dysfunction and abnor- 
mally dilated ureters. A small group of patients with UVJ obstruction 
exhibits also an element of reflux. In such ureters a dysplastic distal seg- 
ment not only fails to coapt the intramural tunnel but also lacks effective 
peristalsis. 


Diagnosis and Management 


The incidence of refluxing and obstructed ureters is approximately 2% of 
patients with VUR. Prenatal US readily demonstrates hydroureteronephrosis 
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and a VCUG and renal drainage study will establish the diagnosis. 
Secondary UVJ obstructions are treated according to their etiologies and 
are initially managed with ureteral stent or nephrostomy tube placement. 


POSTERIOR URETHRAL VALVES 


Epidemiology and Etiology 


The incidence of posterior urethral valves (PUV) is 1 in 5,000-8,000 
live births, which accounts for approximately 10% of all prenatally detected 
cases of urinary tract obstruction. PUV are classified as type I and type HI 
valves (Young classification); however, presentation, diagnosis, treatment, 
and prognosis are similar. Type I valves comprise 95% of all PUVs and are 
leaflets, which extend from the verumontanum distally across the entire ante- 
rior circumference of the urethra leaving only a small channel along the pos- 
terior wall. Type II valves are no longer regarded as valves. Type III valves 
are diaphragmatic membranes distal to the verumontanum with a small cen- 
tral opening. The sequelae of congenital PUV are seen at all levels proximal 
to the obstruction secondary to high voiding pressure. The prostatic urethra 
is dilated and the bladder neck is hypertrophied and rigid. Detrusor muscle 
hypertrophy leads to bladder wall thickening and deterioration of bladder 
compliance. All PUV patients demonstrate hydroureteronephrosis and 50% 
have VUR. Various degrees of renal dysplasia (irreversible) and uropathy 
(reversible) are found. Prognostic indicators for long-term renal function are 
listed in Table 15.4 (/0). 


Table 15.4 
Prognostic indicators for poor renal function 
Renal ultrasound Hyperechogenicity 
Loss of corticomedullary differentiation 
Age at diagnosis Presentation <1 year of age 
Vesicoureteral reflux Bilateral 
Serum creatinine Nadir creatinine >0.8 mg/dl 


Presentation and Diagnosis 


Sixty percent of patients present with tubular damage, which manifests as 
failure to concentrate and to eliminate urinary acids. Tubular damage wors- 
ens with age and high urine volumes contribute to the deterioration of renal 
and bladder function. Elevated voiding pressures cause pop-off mechanisms 
such as VUR, bladder diverticula, urinary ascites, and a patent urachus. 
Unilateral VUR that is associated with renal dysplasia is termed VURD 
syndrome (Valve Unilateral Reflux Dysplasia); its protective effect on renal 
function is controversial. Clinical manifestations of PUVs depend on the 
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age of presentation. The most significant clinical problem of the neonate is 
pulmonary hypoplasia secondary to oligohydramnios accounting for most 
of the neonatal mortality. Urinary sepsis, renal insufficiency, and ascites are 
other common symptoms in the newborn period. The majority of older boys 
present with UTIs and/or voiding dysfunction. Most of PUVs are diagnosed 
with prenatal US. Classic US findings include bilateral hydroureteronephro- 
sis, distended bladder and dilated posterior urethra (“keyhole sign”), as well 
as a thickened bladder wall. VCUG confirms the diagnosis by demonstrating 
a trabeculated bladder, elevated bladder neck, and dilated posterior urethra. 
Radionuclide renal scans can provide valuable information regarding differ- 
ential renal function and renal drainage. 


Management 


PUV management begins with immediate bladder drainage. Five French 
feeding tubes are preferred to Foley catheters because the latter can induce 
significant bladder spasms with consecutive functional UVJ obstruction. 
Once the patient is stabilized, endoscopic valve incision is performed with 
a Bugbee electrode, resectoscope, Laser, or cold knife at the 4 o’clock, 
8 o’clock, and sometimes 12 0’clock position (Fig. 15.3). Continued catheter 
drainage for 24 h reduces the risk for hematuria but is not imperative. If 
valve ablation cannot be performed (e.g., neonate too small for instrumen- 
tation), a vesicostomy is indicated. Upper urinary tract diversion (ureteros- 
tomy, pyelostomy) is reserved for patients who fail to respond to bladder 
drainage and continue to experience urinary tract infections, elevated cre- 
atinine (>2 mg/dl after 10 days of bladder drainage), and worsening 
hydroureteronephrosis. Up to 30% of VUR will resolve spontaneously once 
the obstruction is relieved and antibiotic prophylaxis is indicated for all cases 
of reflux. Persistent VUR is in general propagated by high voiding pressure 
and requires bladder evaluation by a videourodynamic study. If urodynamic 
parameters are appropriate, an anti-reflux procedure is indicated. A “valve 
bladder” describes a chronic condition in patients after adequate valve abla- 
tion that will lead to deterioration of the upper urinary tracts and to urinary 
incontinence. Patients with PUV commonly present with prolonged daytime 
and nighttime incontinence up to 20 years of age. 


ANTERIOR URETHRAL VALVES 


Obstruction secondary to anterior urethral valves (AUV) is rare compared 
to PUV. Although called AUV, the underlying pathology of AUV is a ure- 
thral diverticulum with its distal wall acting as a flap that may obstruct the 
flow of urine. AUV develop secondary to defects of the corpus spongiosum 
with consecutive diverticulum formation. Patients usually present later in 
life with UTI, incontinence, or straining. The clinical manifestation of AUV 
may be as severe as with PUV. AUV are diagnosed by VCUG or cystoscopy 
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Fig. 15.3. (a) Cystoscopic view of PUVs. (b) Endoscopic incision. 


and treated with endoscopic resection or urethral reconstruction depending 
on the size of the diverticulum. The long-term prognosis, however, seems 
to be more favorable for anterior than posterior urethral valves with ESRD 
occurring in 5 and 30%, respectively. 


CONGENITAL URETHRAL STRICTURE 


Congenital urethral strictures are rare causes of obstruction within the 
posterior urethra. Prenatal findings and postnatal symptoms are iden- 
tical with PUV. Primary treatment is vesicostomy because congenital 
urethral strictures are generally long and not amenable to endoscopic inci- 
sion. Progressive urethral dilation with catheters has shown promising 
results (77). 
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URETHRAL ATRESIA 


Urethral atresia is defined as a complete luminal obliteration of the 
posterior urethra and is often associated with hypoplasia of the distal ure- 
thral segment. Urethral atresia is rare and occurs most commonly in patients 
with prune-belly syndrome. It is incompatible with life unless alternative 
communications exist such as a patent urachus or a rectourethral fistula. 
Vesicostomy is the primary treatment of choice because outcome with ure- 
thral dilation has been poor. Most patients will need a continent catheteriz- 
able stoma and eventually require kidney transplantation (/2). 
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l 6 Tissue Engineering 


and Regenerative Medicine — 
Current Concepts 


Anthony Atala 


Abstract Many common congenital abnormalities, such as hypospadias, epispadias, 
and bladder exstrophy, involve the genitourinary system. Children with these 
conditions often require immediate and/or multiple reconstructive surgeries. Cur- 
rently, urologic and genital reconstruction may be performed with autologous non- 
urologic tissues (skin, gastrointestinal segments, or mucosa), homologous tissues 
from a donor (cadaver or living donor kidney), heterologous tissues or substances 
(bovine collagen), or artificial materials (silicone, polyurethane, or Teflon). How- 
ever, these materials often lead to complications after reconstruction, either because 
the implanted material is rejected or because inherently different functional param- 
eters cause a mismatch in the system. For example, replacement of bladder tissue 
with gastrointestinal segments can be problematic due to the opposite ways in which 
these two tissues handle solutes — urologic tissue normally excretes material, and 
gastrointestinal tissue generally absorbs the same materials. This mismatched state 
can lead to metabolic complications as well as infection and other serious issues. 
The replacement of lost or deficient urologic tissues with functionally equivalent 
ones would significantly improve the outcome of reconstructive surgery in the geni- 
tourinary system. This may soon be possible using novel techniques developed with 
tissue engineering and regenerative medicine strategies. 


Keywords Genitourinary reconstruction - Tissue engineering - Biomaterials - cell 
therapy - Regenerative medicine - Transplantation - Organ substitutes - Stem cells 


AN INTRODUCTION TO REGENERATIVE MEDICINE 
AND TISSUE ENGINEERING STRATEGIES 


Regenerative medicine is a discipline that combines techniques such 
as cell transplantation, material science, and bioengineering to construct 
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biological substitutes for organs and tissues. The goal is to prolong life by 
reducing mortality from organ failure as well as to increase the quality of 
life for those who require organ transplantation and reconstructive surgeries. 
It involves the development of methods to activate the body’s latent ability 
to regenerate tissues and organs, as well as the development of laboratory- 
grown organ substitutes which could restore and maintain normal cell, tis- 
sue, and organ function. These techniques involve the use of specialized 
biomaterials, specific cells, or both. 


BIOMATERIALS 


Currently, most strategies for tissue construction include the use of novel 
biomaterials. Biomaterials are a class of biocompatible materials that can 
be fabricated from synthetic materials, naturally derived substances, or both 
combined, and they can be configured into liquid, gel, or solid forms depend- 
ing on specific needs. These may be used alone as scaffolds that the body 
can use as a blueprint for regeneration of functional tissue. Alternatively, 
biomaterials can be used as support matrices for cells. This type of matrix is 
seeded with cells ex vivo. Then, the cell-containing matrix is implanted into 
a patient and allowed to form a functional tissue or organ. Still other types of 
biomaterials may serve as cell carriers (e.g., the use of hydrogels to deliver 
cells to a target location in the body) or delivery vehicles for macromolecules 
such as growth factors and cytokines. 

These materials are designed to replicate the biologic and mechanical 
functions of the native extracellular matrix (ECM) found in tissues in the 
body. They provide a three-dimensional structure to which cells can attach 
and form new tissues with appropriate shape and function. As the majority of 
mammalian cell types are anchorage-dependent, the cell-adhesion properties 
of these biomaterials are essential to the success of these implants. In addi- 
tion to that very important role, biomaterials allow the delivery of cells to 
specific sites in the body with adequate loading efficiency and provide struc- 
tural support against in vivo forces so that the predefined three-dimensional 
structure of the scaffold (what will eventually become the tissue or organ’s 
“shape”) is maintained during tissue development. Furthermore, bioactive 
signals, such as cell-adhesion peptides and growth factors, can be incorpo- 
rated into the biomaterial scaffold to help regulate cellular function during 
development (/, 2). Some novel materials are designed to carry these factors 
into the body and release them at a specified rate to assist the cells in the 
organizational phase of development. 

With these functions in mind, it is clear that the ideal biomaterial should 
be biodegradable and bioresorbable, so that the material can support the 
replacement of normal tissue only as long as necessary. In addition, bio- 
materials must be non-immunogenic to avoid inflammatory responses and 
rejection. A number of materials have been developed that fit these criteria. 
The most commonly used biomaterials in regenerative medicine include (/) 
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naturally derived materials (e.g., collagen and alginate), (2) acellular tissue 
matrices (e.g., bladder submucosa and small intestinal submucosa), and (3) 
synthetic polymers of w-hydroxy acids (e.g., polyglycolic acid (PGA), poly- 
lactic acid (PLA), and poly lactic-co-glycolic acid (PLGA)). These classes 
of biomaterials have been tested with respect to their biocompatibility (3, 4). 
Naturally derived materials and acellular tissue matrices have the potential 
advantage of biological recognition and thus, better biocompatibility. How- 
ever, synthetic polymers can be prepared reproducibly on a large scale, and 
properties such as strength, degradation rate, and microstructure can be con- 
trolled during the manufacturing process. 


CELLS 


Many tissue engineering techniques also involve cell transplantation. The 
cells used for this purpose can be derived from autologous, allogeneic, or 
xenogeneic sources, and cells at various developmental stages, from embry- 
onic stem cells to fully differentiated somatic cells, are currently being stud- 
ied. The most common source of cells for tissue engineering applications is 
a small piece of autologous tissue, such as a biopsy. This piece of tissue is 
dissociated into individual cells in the laboratory. At this point, the cells can 
be implanted directly into the host, or they can be expanded in culture and 
attached to a support matrix made from a biomaterial. Then, the cell/matrix 
combination is reimplanted into the host. The use of autologous cells in this 
procedure promotes structural and functional tissue replacement with mini- 
mal complications (5—/0). While a self-limiting inflammatory response may 
occur, the use of autologous cells circumvents rejection and would obvi- 
ate the need for immunosuppressant medications after transplantation of the 
engineered organ. 

However, in the past, it was not known if a sufficient number of cells could 
be generated to create an organ in certain cases. For example, it was thought 
that diseased organs may not contain enough normal cells to begin the pro- 
cess of cell culture. However, recent research suggests that this may not be 
the case. For example, one study has shown that cultured neuropathic blad- 
der smooth muscle cells possess and maintain different characteristics than 
normal smooth muscle cells in vitro, as demonstrated by growth assays, con- 
tractility, and adherence tests (77). However, despite these differences, when 
neuropathic smooth muscle cells were cultured in vitro and then seeded onto 
matrices and implanted in vivo, the tissue engineered constructs that devel- 
oped showed the same properties as constructs engineered with normal cells 
(12). It is now known that genetically normal progenitor cells, which are the 
reservoirs for new cell formation, are present even in diseased tissue. These 
normal progenitors are programmed to give rise to normal tissue, regardless 
of whether they reside in a normal or diseased environment. Therefore, the 
progenitor cell niche and its role in normal tissue regeneration remains a 
fertile area of ongoing investigation. 
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In addition, for many years, the difficulty of growing specific cell types 
in large quantities limited their use in tissue engineering applications. Even 
when certain organs, such as the liver, have a high regenerative capacity in 
vivo, in vitro expansion of cells derived from these organs has proven to 
be difficult. However, when privileged sites for committed precursor cells 
were discovered in these organs, the field was revolutionized. Intense study 
of the conditions that promote precursor cell maintenance and differentia- 
tion within these sites has produced important information about how these 
cells survive and grow. Many of these conditions have been replicated in the 
culture dish, allowing scientists to maintain populations of these cells in the 
laboratory. For example, scientists had made many attempts to grow urothe- 
lial cells from the bladder in culture in the past, but only with limited suc- 
cess. However, several novel culture protocols have been developed over the 
past two decades which allow urothelial precursor cells to be maintained in 
an undifferentiated state. Since the precursor cells can remain in the growth 
phase, the ability to expand urothelial cultures is vastly improved (73—16). 
These studies suggest that it may be possible to collect autologous urothe- 
lial cells from human bladders, expand them in culture, and return them to 
the patient in sufficient quantities for reconstructive purposes (/3, 15-19). 
In addition to urothelial cells, methods to induce the in vitro expansion of 
a variety of primary human cells have been developed, making the use of 
autologous cells for clinical applications a real possibility. 

However, there are instances where autologous cells cannot be used for 
cell therapy because extensive organ damage or total loss of the tissue to be 
regenerated has occurred. In addition, cells from tissues containing malig- 
nancies cannot be used due to the threat of cancer recurrence in the regener- 
ated tissue. In these cases, the use of other cell sources, such as allogeneic 
and xenogeneic cells, has been proposed, but these cells must be protected 
from host immune responses. 

Stem cells are also an attractive cell source for these situations. They can 
be derived from different stages of development and, as they are able to self 
renew, they can result in large quantities of undifferentiated cells. More- 
over, these undifferentiated cells have the ability to differentiate into many 
specialized cell types (20-22). For example, human embryonic stem cells 
(ES) can develop into cells comprising all three embryonic germ layers in 
vitro. Skin and neurons have been formed, indicating ectodermal differenti- 
ation (23-25). Blood, cardiac, cartilage, endothelial, and muscle cells have 
been produced, indicating mesodermal differentiation (26—28). Finally, pan- 
creatic cells have been formed, indicating endodermal differentiation (29). 
Other stem cell sources that have been proposed and used for regenera- 
tive medicine therapies include fetal, amniotic fluid, and adult stem cells 
(30-35). 

The process of nuclear transfer, or cloning, can serve as another source of 
pluripotent “stem” cells that could be used for regenerative medicine ther- 
apies. Two types of cloning procedures exist — reproductive cloning and 
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therapeutic cloning — and it is extremely important to differentiate between 
these two processes. Both involve the insertion of donor DNA, which usu- 
ally comes from a somatic cell, into an enucleated oocyte. This generates an 
embryo that has identical genetic material to its DNA source. However, the 
similarities end there. In reproductive cloning, the embryo is then implanted 
into the uterus of a pseudopregnant female to produce an infant that is a 
clone of the donor. A world-famous example of this type of cloning resulted 
in the birth of a sheep named Dolly in 1997 (36). However, there are many 
ethical concerns surrounding such practices, and as a result, reproductive 
cloning has been banned in most countries. 

While therapeutic cloning also produces an embryo that is genetically 
identical to the donor, this process is used to generate blastocysts that are 
explanted and grown in culture, rather than in utero. Embryonic stem cell 
lines can then be derived from these blastocysts, which are only allowed 
to grow up to a 100-cell stage. These stem cells are essentially autolo- 
gous, and have the potential to become almost any type of cell in the adult 
body. Certainly, these cells would be useful in tissue and organ replacement 
applications (37). Therefore, therapeutic cloning, which has also been called 
somatic cell nuclear transfer (SNCT), may provide an alternative source of 
transplantable cells that are identical to the patient’s own cells. This process 
is outlined in Fig. 16.1. 
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Fig. 16.1. Strategies for therapeutic cloning in regenerative medicine. 
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USING TISSUE ENGINEERING TECHNIQUES TO BUILD 
SPECIFIC UROLOGIC AND GENITAL STRUCTURES 


Abnormalities of the genital and urinary tracts such as hypospadias, epis- 
padias, and bladder exstrophy require multiple reconstructive surgeries. Cur- 
rently, urologic and genital reconstruction may be performed with autol- 
ogous non-urologic tissues, heterologous tissues or substances or artificial 
materials. However, reconstructive surgeries using these materials are often 
limited. In cases where autologous tissue is used, the amount of tissue avail- 
able for use in reconstruction is usually limited, and donor site morbidity is 
a real concern. Further, use of foreign materials often leads to rejection or 
graft failure. 

In recent years, the replacement of lost or deficient urologic tissues 
with functionally equivalent ones derived from tissue engineering protocols 
has been studied with great interest, as the development of biocompatible, 
functionally equivalent tissues would significantly improve the outcome of 
reconstructive surgery in the genitourinary system. Investigators around the 
world, including our laboratory, have been working toward the development 
of “laboratory grown” tissues and organs for clinical application. The fol- 
lowing sections will describe this research in detail. 


URETHRA 


Various strategies have been proposed over the years for the regeneration 
of urethral tissue. Woven meshes of PGA (Dexon) have been used to recon- 
struct urethras in dogs (38). Also, PGA has been used as a cell transplan- 
tation vehicle to engineer tubular urothelium in vivo (39). Small-intestinal 
submucosa (SIS) without cells was used as an onlay patch graft for urethro- 
plasty in rabbits (40). Finally, a homologous graft of acellular urethral matrix 
was also used in a rabbit model (4/). 

Bladder-derived acellular collagen matrix has proven to be quite suit- 
able as a graft for repair of urethral defects in rabbits. In the rabbit model, 
neourethras created with these matrices demonstrated a normal urothelial 
luminal lining and organized muscle bundles shortly after repair (40, 41). 
These results were confirmed clinically in a series of patients with a history 
of failed hypospadias reconstruction. In this study, the urethral defects were 
repaired with human bladder acellular collagen matrices (Fig. 16.2) (42, 43). 
One the advantages of this material over non-genital tissue grafts currently 
used for urethroplasty (e.g., buccal mucosa) is that the material is “off the 
shelf.” This eliminates the necessity of additional surgical procedures for 
graft harvesting, which may decrease operative time as well as the potential 
morbidity from the harvest procedure. 

The techniques described above, which employed non-seeded acellu- 
lar matrices, were successfully applied experimentally and clinically for 
onlay urethral repairs. However, when tubularized urethral repairs were 
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Fig. 16.2. Urethral repair using a collagen matrix. (a) Representative case of a patient 
with a bulbar stricture. (b) During surgery, strictured tissue is excised, preserving the 
urethral plate on the left side, and the matrix is anastamosed to the urethral plate in 
an onlay fashion on the right. The boxes in both photos indicate the area of interest, 
including the urethra, which appears white in the left photograph. In the left photograph, 
the arrow indicates the area of stricture in the urethra. On the right, the arrow indicates 
the repaired stricture. (c) Urethrogram 6 months after repair. (d) Cystoscopic view of 
urethra before surgery on the left side, and 4 months after repair on the right side. 


attempted experimentally using these acellular matrices, adequate urethral 
tissue regeneration was not achieved. Complications, such as graft con- 
tracture and stricture formation, ensued (44). Tubularized collagen matrices 
seeded with cells have performed better in animal studies. In a rabbit model, 
entire urethral segments were resected and urethroplasties were performed 
with tubularized collagen matrices that were either acellular or seeded with 
autologous cells. The tubularized collagen matrices seeded with autologous 
cells formed new tissue which was histologically similar to native urethral 
tissue (45). The tubularized collagen matrices without cells lead to poor tis- 
sue development, fibrosis, and stricture formation. 


Bladder 


Currently, gastrointestinal segments are commonly used for bladder 
replacement or repair. However, gastrointestinal tissues are designed to 
absorb the solutes that urinary tissue is designed to excrete, and due 
to this difference in function, multiple complications can arise, such as 
infection, metabolic disturbances, urolithiasis, perforation, increased mucus 
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production, and malignancy (46-48). Because of the problems encoun- 
tered with the use of gastrointestinal segments, numerous investigators 
have attempted alternative reconstructive procedures for bladder replace- 
ment or repair. The use of tissue expansion, seromuscular grafts, and tis- 
sue engineering with biomaterial matrices and cell transplantation have been 
investigated. 


TISSUE EXPANSION FOR BLADDER AUGMENTATION 


A system of progressive dilation for ureters and bladders has been pro- 
posed as a method of bladder augmentation but has not yet been attempted 
clinically. Augmentation cystoplasty performed with dilated ureteral seg- 
ments in animals has resulted in an increased bladder capacity ranging from 
190 to 380% (49, 50). A system for the progressive expansion of native 
bladder tissue has also been used for augmenting bladder volumes in ani- 
mals. Within 30 days after progressive dilation, the neoreservoir volume was 
expanded at least tenfold. Urodynamic studies showed normal compliance 
in all animals and microscopic examination of the expanded neoreservoir 
tissue showed a normal histology. A series of immunocytochemical studies 
demonstrated that the dilated bladder tissue maintained normal phenotypic 
characteristics (50). 


SEROMUSCULAR GRAFTS AND DE-EPITHELIALIZED BOWEL 
SEGMENTS 


Seromuscular grafts and de-epithelialized bowel segments, either alone 
or over a native urothelium, have also been attempted (57—56). Keeping the 
urothelium intact avoids the complications associated with use of bowel in 
continuity with the urinary tract (52, 53). An example of this strategy is 
the combination of the techniques of autoaugmentation with those of ente- 
rocystoplasty. An autoaugmentation is performed and the diverticulum is 
covered with a demucosalized gastric or intestinal segment. 


MATRICES FOR BLADDER REGENERATION 


Non-seeded allogeneic acellular matrices have served as scaffolds for the 
ingrowth of host bladder wall components. The matrices are prepared by 
mechanically and chemically removing all cellular components from blad- 
der tissue (5, 57-59). The matrices serve as vehicles for partial bladder 
regeneration, and relevant antigenicity is not evident. One example is SIS, a 
biodegradable, acellular, xenogeneic collagen-based tissue matrix. SIS was 
first used in the early 1980s as an acellular matrix for tissue replacement in 
the vascular field. It has been shown to promote regeneration of a variety 
of host tissues, including blood vessels and ligaments (60). Animal studies 
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have shown that the non-seeded SIS matrix used for bladder augmentation 
is able to regenerate in vivo (61, 62). 

In multiple studies using various materials as non-seeded grafts for 
cystoplasty, the urothelial layer was able to regenerate normally, but the 
muscle layer, although present, was not fully developed (5, 57, 58, 62). Often 
the grafts contracted to 60-70% of their original size with little increase in 
bladder capacity or compliance (63, 64). Studies involving acellular matri- 
ces that may provide the necessary environment to promote cell migration, 
growth, and differentiation are being conducted. Recently, bladder regener- 
ation has been shown to be more reliable when the SIS was derived from the 
distal ileum (6/). With continued research in this area, these matrices may 
have a clinical role in bladder replacement in the future. 


BLADDER REPLACEMENT USING TISSUE ENGINEERING 


Cell-seeded allogeneic acellular bladder matrices have been used for 
bladder augmentation in dogs. A group of experimental dogs underwent 
a trigone-sparing cystectomy and were randomly assigned to one of three 
groups. One group underwent closure of the trigone without a reconstruc- 
tive procedure, another underwent reconstruction with a non-seeded bladder- 
shaped biodegradable scaffold, and the last underwent reconstruction using 
a bladder-shaped biodegradable scaffold that was seeded with autologous 
urothelial and smooth muscle cells (65). 

The cystectomy-only and non-seeded controls maintained average capac- 
ities of 22 and 46% of preoperative values, respectively. However, an average 
bladder capacity of 95% of the original precystectomy volume was achieved 
in the cell-seeded tissue engineered bladder replacements. The subtotal cys- 
tectomy reservoirs that were not reconstructed and the polymer-only recon- 
structed bladders showed a marked decrease in bladder compliance (10% 
and 42% total compliance, respectively). The compliance of the cell-seeded 
tissue-engineered bladders was almost no different from preoperative values 
(106%). Histologically, the non-seeded scaffold bladders presented a pat- 
tern of normal urothelial cells with a thickened fibrotic submucosa and a 
thin layer of muscle fibers. The retrieved tissue-engineered bladders showed 
a normal cellular organization, consisting of a trilayer of urothelium, sub- 
mucosa, and muscle (65). 

A clinical experience involving engineered bladder tissue for cystoplasty 
reconstruction was conducted starting in 1999. A small pilot study of seven 
patients was reported, using a collagen scaffold seeded with cells either 
with or without omentum coverage, or a combined PGA-collagen scaffold 
seeded with cells and omental coverage (see Fig. 16.3). The patients recon- 
structed with the engineered bladder tissue created with the PGA-collagen 
cell-seeded scaffolds showed increased compliance, decreased end-filling 
pressures, increased capacities, and longer dry periods (Fig. 16.4) (66). 
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Fig. 16.3. Construction of engineered bladder. (a) Scaffold material seeded with cells 
for use in bladder repair. (b) The seeded scaffold is anastamosed to native bladder with 
running 4-0 polyglycolic sutures. (c) Implant covered with fibrin glue and omentum. 
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Fig. 16.4. Cystograms and urodynamic studies of a patient before and after implantation 
of the tissue engineered bladder. (a) Preoperative results indicate an irregular bladder in 
the cystogram and abnormal bladder pressures as the bladder is filled via urodynamic 
study. (b) Postoperatively, findings are significantly improved. 


Although the experience is promising in terms of showing that engineered 
tissues can be implanted safely, it is just a start in terms of accomplishing 
the goal of engineering fully functional bladders. Further experimental and 
clinical work is being conducted. 


Kidney 


The kidney is the most challenging organ in the genitourinary system to 
reconstruct because of its extremely complex structure and function. Con- 
cepts for a bioartificial kidney are currently being explored. Some inves- 
tigators are pursuing the replacement of isolated kidney function parame- 
ters using extracorporeal units, while others are aiming to replace total renal 
function with tissue-engineered bioartificial renal structures. 
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Ex VIVO FUNCTIONING RENAL UNITS 


Dialysis is currently the most common form of renal replacement therapy. 
However, the relatively high morbidity and mortality resulting from this pro- 
cess have spurred investigators to seek alternative solutions. In an attempt to 
assess the viability and physiologic functionality of a cell-seeded device to 
replace the filtration, transport, metabolic, and endocrinologic functions of 
the kidney, a synthetic hemofiltration device and a device which contained 
tissue-engineered porcine renal tubules were incorporated into an extracor- 
poreal perfusion circuit, and this was introduced into acutely uremic dogs. 
Levels of potassium and blood urea nitrogen (BUN) were controlled during 
treatment with the device. The fractional reabsorption of sodium and water 
was possible. Active transport of potassium, bicarbonate, and glucose, and 
a gradual ability to excrete ammonia was observed. These results demon- 
strated the feasibility of an extracorporeal assist device that is reinforced by 
the use of proximal tubular cells (67). 

Using similar techniques, the development of a tissue-engineered bioar- 
tificial kidney consisting of a conventional hemofiltration cartridge in series 
with a renal tubule assist device containing human renal proximal tubule 
cells was used in patients with acute renal failure in the intensive care 
unit. The initial clinical experience with this bioartificial kidney suggests 
that renal tubule cell therapy may provide a dynamic and individualized 
treatment program as assessed by acute physiologic and biochemical 
indices (68). 


Creation of Functional Renal Structures In Vivo 


Another approach to improve renal function involves the augmentation 
of renal tissue with kidney cells expanded in vitro and used for subsequent 
autologous transplantation. Most recently, an attempt was made to recon- 
stitute renal epithelial cells for the generation of functional nephron units. 
Renal cells were harvested and expanded in culture. The cells were seeded 
onto a tubular device constructed from a polycarbonate membrane, which 
was connected at one end to a Silastic catheter that terminated in a reservoir. 
The device was implanted in athymic mice. Histologic examination of the 
implanted devices over time revealed extensive vascularization with forma- 
tion of glomeruli and highly organized tubule-like structures. Immunocyto- 
chemical staining confirmed the renal phenotype. Additionally, yellow fluid 
was collected from inside the implant, and its creatinine and uric acid con- 
centrations were consistent with the makeup of dilute urine. Further studies 
have shown the formation of renal structures in cows using cells derived 
from nuclear transfer protocols. These cells were seeded on a scaffold to 
form a renal neo-organ similar to those used in the mouse study (Fig. 16.5) 
(69). In addition, the bovine studies investigated the immunocompatibility 
of these cloned renal cells by measuring how T cells reacted to them in vitro 
using an EliSPOT assay (Fig. 16.5d). This assay shows that while allogenic 
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Fig. 16.5. Combining therapeutic cloning and tissue engineering to produce kidney 
tissue. (a) Illustration of the tissue-engineered renal unit. (b) Renal unit seeded with 
cloned cells, three months after implantation, showing the accumulation of urine-like 
fluid. (c) Clear unidirectional continuity between the mature glomeruli, their tubules, 
and silastic catheter. (d) Elispot analyses of the frequencies of T cells that secrete IFNy 
after stimulation with allogeneic renal cells, cloned renal cells, or nuclear donor fibrob- 
lasts. Cloned renal cells produce fewer IFNy spots than the allogeneic cells, indicating 
that the rejection response to cloned cells is diminished. The presented wells are single 
representatives of duplicate wells. 


cells induced interferon y production in many T cells, which is a sign of 
rejection, the cloned cells only induced this response in a small number of 
T cells. In fact, the results with cloned cells were nearly identical to those 
obtained with the control autologous cells. 

This study demonstrated that cells derived from nuclear transfer can be 
successfully harvested, expanded in culture, and transplanted in vivo with 
the use of biodegradable scaffolds on which the single suspended cells can 
organize into tissue structures that are genetically identical to that of the host. 
This study was also the first demonstration of the use of therapeutic cloning 
for regeneration of tissues in vivo. The expansion of this system to larger, 
three-dimensional structures is the next challenge awaiting researchers in the 
urogenital tissue engineering field. 


GENITAL TISSUES 


Reconstruction of Corporal Smooth Muscle 


One of the major components of the phallus is corporal smooth mus- 
cle. The creation of autologous functional and structural corporal tissue de 
novo would be beneficial in cases of congenital abnormality of the genitals 
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and in other situations where reconstruction is functionally and aesthetically 
necessary. To look at the functional parameters of engineered corpora, acel- 
lular corporal collagen matrices were obtained from donor rabbit penile 
tissue, and autologous corpus cavernosal smooth muscle and endothelial 
cells were harvested, expanded, and seeded on the matrices. The entire 
rabbit corpora was removed and replaced with the engineered structures. 
The experimental corporal bodies demonstrated intact structural integrity 
by cavernosography and showed similar intracoporal pressures by caver- 
nosometry when compared to the normal controls. Rabbits that received 
scaffolds without cells failed to achieve normal erectile function through- 
out the study period. However, mating activity in the animals with the 
cell-seeded corpora appeared normal by one month after implantation. The 
presence of sperm was confirmed during mating, and was present in all 
rabbits with the engineered corpora. The female rabbits that mated with 
the animals implanted with engineered corpora conceived and delivered 
healthy pups. Animals implanted with the matrix alone were unable to 
demonstrate normal mating activity and failed to ejaculate into the vagina 
(70, 71). 


Engineered Penile Prostheses 


Although silicone is an accepted biomaterial for penile prostheses, bio- 
compatibility is a concern (72, 73). Use of a natural prosthesis composed 
of autologous cells may be advantageous. In a recent study, the feasi- 
bility of applying engineered cartilage rods in situ was investigated (6). 
Autologous chondrocytes were harvested from rabbit ear and expanded 
in culture. The cells were seeded onto biodegradable poly-L-lactic acid- 
coated polyglycolic acid polymer rods and then implanted into the cor- 
poral spaces of rabbits. Examination at retrieval showed the presence 
of well-formed, milky-white cartilage structures within the corpora at 1 
month and the polymer scaffolding had degraded by two months. There 
was no evidence of erosion or infection in any of the implantation 
sites. 


Female Genital Tissues 


Congenital malformations of the uterus may have profound implications 
clinically. Patients with cloacal exstrophy and intersex disorders may not 
have sufficient uterine tissue present for future reproduction. We investi- 
gated the possibility of engineering functional uterine tissue using autol- 
ogous cells. Autologous rabbit uterine smooth muscle and epithelial cells 
were harvested and expanded in culture. These cells were seeded onto pre- 
configured uterine-shaped biodegradable polymer scaffolds, and these were 
used for subtotal uterine tissue replacement in the corresponding autologous 
animals. Upon retrieval 6 months after implantation, histological, immuno- 
cytochemical, and Western blot analyses confirmed the presence of normal 
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uterine tissue components. Biomechanical analyses and organ bath studies 
showed that the functional characteristics of these tissues were similar to 
those of normal uterine tissue. Breeding studies using these engineered uteri 
are currently being performed. 

Similarly, several pathologic conditions, including congenital malforma- 
tions and malignancy, can adversely affect normal vaginal development or 
anatomy. To investigate tissue engineering methods of generating vaginal 
tissue for use in these situations, vaginal epithelial and smooth muscle cells 
of female rabbits were harvested, grown, and expanded in culture. These 
cells were seeded onto biodegradable polymer scaffolds, and the cell-seeded 
constructs were then implanted into nude mice for up to 6 weeks. Immuno- 
cytochemical, histological, and Western blot analyses confirmed the pres- 
ence of vaginal tissue phenotypes. Electrical field stimulation studies in the 
tissue-engineered constructs showed similar functional properties to those 
of normal vaginal tissue. When these constructs were used for autologous 
total vaginal replacement, patent vaginal structures were noted in the tissue- 
engineered specimens, while the non-cell-seeded structures were noted to be 
stenotic (74). 


Injectable Therapies 


Both urinary incontinence and vesicoureteral reflux are common condi- 
tions affecting the pediatric genitourinary system. Currently, injectable bulk- 
ing agents are one treatment used clinically for these conditions, but bio- 
compatibility of current synthetic bulking agents is a concern. The ideal 
substance for endoscopic treatment of reflux and incontinence should be 
injectable, non-antigenic, non-migratory, volume stable, and safe for human 
use. Animal studies have shown that chondrocytes (cartilage cells) can be 
easily harvested and combined with alginate in vitro and the resulting sus- 
pension can be easily injected cystoscopically. The elastic cartilage tissue 
formed as a result of the injection is able to correct vesicoureteral reflux 
without any evidence of obstruction. This technology has been applied in 
humans for the correction of vesicoureteral reflux in children (Fig. 16.6) and 
for urinary incontinence in adults (75, 76). 

Using cell therapy techniques, the use of autologous smooth muscle cells 
has been explored for both urinary incontinence and vesicoureteral reflux 
applications. The potential use of injectable, cultured myoblasts for the treat- 
ment of stress urinary incontinence has also been investigated (77, 78). The 
use of injectable muscle precursor cells has also been investigated for use in 
the treatment of urinary incontinence due to irreversible urethral sphincter 
injury or maldevelopment (79). A clinical trial involving the use of mus- 
cle derived stem cells (MDSC) to treat stress urinary incontinence has also 
been performed with good results. Biopsies of skeletal muscle were obtained 
and autologous myoblasts and fibroblasts were cultured. Under ultrasound 
guidance, myoblasts were injected into the rhabdosphincter and fibroblasts 
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Fig. 16.6. Autologous chondrocytes for the treatment of vesicoureteral reflux. (a) Pre- 
operative voiding cystourethrogram of a patient with bilateral reflux. Here, contrast 
material can be seen within both ureters and within the kidneys, indicating reflux is 
present. (b) Postoperative radionuclide cystogram of the same patient 6 months after 
injection of autologous chondrocytes. 


Ureters 


mixed with collagen were injected into the submucosa. One year following 
injection, the thickness and function of the rhabdosphincter had significantly 
increased, and all patients were continent (80). These are the first demonstra- 
tions of the replacement of both sphincter muscle tissue and its innervation 
by the injection of muscle precursor cells. In addition, injectable muscle- 
based gene therapy and tissue engineering were combined to improve detru- 
sor function in a bladder injury model, and may potentially be a novel treat- 
ment option for urinary incontinence (87). 

Patients with testicular dysfunction require androgen replacement for 
somatic development. Conventional treatment for testicular dysfunction con- 
sists of periodic intramuscular injections of chemically modified testos- 
terone or application of a transdermal testosterone patch. However, long- 
term non-pulsatile testosterone therapy is not optimal and can cause multiple 
problems, including erythropoiesis and bone density changes. 

A system was designed wherein Leydig cells were microencapsulated for 
controlled testosterone replacement. Purified Leydig cells were isolated and 
encapsulated in an alginate-poly-L-lysine solution. The encapsulated Ley- 
dig cells were injected into castrated animals, and serum testosterone was 
measured serially, the animals were able to maintain testosterone levels in 
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the long term (82). These studies suggest that microencapsulated Leydig 
cells may be able to replace or supplement testosterone in situations where 
anorchia or testicular failure is present. 


CONCLUSION 


Tissue engineering efforts are currently being undertaken for every type 
of tissue and organ within the urinary system. Most of the effort expended 
to engineer genitourinary tissues has occurred within the last decade. While 
some tissue engineering applications are beginning to enter clinical prac- 
tice, many of the new tissue engineering techniques described must be stud- 
ied further before they can be applied to human disorders. However, recent 
progress suggests that engineered urologic tissues and cell therapy may have 
clinical applicability, particularly in reconstruction of this system in chil- 
dren. 
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l 7 Adolescent Urology 


Christopher Woodhouse 


Abstract The rarity of the major congenital anomalies of the genito-urinary tract 
and the idiosyncrasies of adolescents make the management difficult for the gen- 
eral urologist. The necessary steps include: 1. Arrangement of transitional care so 
that the child and the family are comfortable with the adult urologist before com- 
pletely leaving the pediatric environment. 2. Establishment of the specific needs and 
goals of the patient. 3. Gradual transfer of responsibility from the parents to the new 
adult patient. 4. Identification of relevant specialists to share care. 5. Management 
of renal, bladder and sexual problems. 


Keywords Urology - Adolescence - Transition - Congenital anomalies 


INTRODUCTION 


The passage from childhood to adult life is usually rather traumatic. 
Chronic illness can magnify the problems and create new ones. Adolescent 
medicine is rapidly becoming a subject in its own right and sub-specialist 
areas are developing. 

There are two parts to such care: 


1. Management of the emotional and physical changes that occur in the adoles- 
cent period. 
2. The medical care both in adolescence and throughout adult life. 


The first is common to virtually all adolescent sub-specialties. The second 
depends on whether there is an adult equivalent of the pediatric condition. 

A child with insulin-dependent diabetes, for example, needs special care 
in adolescence but may then be looked after in an adult clinic. Most of the 
genito-urinary anomalies have no adult equivalent. There is no adult equiva- 
lent of exstrophy, posterior urethral valves, ano-rectal agenesis or disorders 
of gender identity. Even spina bifida is not the same as acquired spinal cord 
injury. 
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An adult urologist who takes on the care of an adolescent with one of the 
major conditions discussed elsewhere in this book will find that adult uro- 
logical training has provided little help. The patient will need special care 
continued for life. As with so many complex problems, the care involves 
several disciplines with urological co-ordination. It would be usual to have 
close links with nephrology, gynecology, psychology, imaging and gastroen- 
terology. 


TRANSITIONAL CARE 


Although children have a natural wish to break away from home as they 
become teenagers, those who have been very dependent on the total care pro- 
vided by a pediatric hospital may be frightened by the great step of moving 
to the adult hospital at whatever age it is suggested. This will be particularly 
true if there is no pathway of transitional care and no adult urologist who 
understands the long-term problems of the major congenital and acquired 
anomalies of the child’s genito-urinary tract. 

In the absence of a formal system of transitional care, the adult urologist 
must start by establishing the status of the whole urinary tract. Sometimes, 
even the diagnosis will have been lost in the mists of time! 

Unless the kidneys are completely normal, the following tests should be 
done: 


1. Measurement of glomerular filtration rate. 
2. Differential function on isotope scan. 

3. Measurement of blood pressure. 

4. Measurement of urinary protein. 


For the lower urinary tract, the information may be quite simple. How- 
ever, children who have had major reconstructions will have a complex 
anatomy which may even have been changed on two or three occasions. 
The following should be known: 


. Of what tissues is the urinary reservoir constructed. 

. How is it emptied. 

. What is the condition of the remaining intestine. 

. What is the pattern of infections. 

. Are there resultant metabolic problems such as hyperchloraemic acidosis or 
vitamin B12 deficiency. 


nABRWN Re 


The genital tract, especially in girls, may not have been much investigated 
in childhood. Often there has been a laparotomy in infancy but the condition 
of the internal genitalia not have been recorded or even recorded wrongly. 
It may take a careful search of the records to find if the uterus, tubes and 
ovaries were normal. 

It is particularly important in boys with a missing scrotal testis to note 
where it is thought to be (this may save a futile search for one that has actu- 
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ally been removed, or prompt a search for an intra-abdominal one which 
may become malignant). 

Patients born with disorders of sexual development (DSD, formerly 
known as intersex conditions) need very special care. In the past, there was 
a widespread practice to decide on a sex of rearing and stick to it without 
the child ever being aware of the original diagnostic dilemma. Although 
this practice has largely been abandoned in favour of a more conservative 
approach with the involvement of the family and, later, with the child, there 
are still patients reaching adult life without disclosure of the diagnosis or 
genetic status. It is essential that adolescents with DSD are cared for by a 
multidisciplinary group with specialised knowledge of these rare conditions. 

It is also important to note that even if disclosure of diagnosis in DSD 
(and all other conditions) has been made children may not have understood 
and knowledge may not have been updated as they matured. When I see 
new patients in the adolescent clinic, I usually ask what they think is their 
diagnosis; it is seldom that one will have any idea of the answer! This is not 
through secrecy on the part of doctors or parents, but a failure to realise that 
information is not passively absorbed by the child. 

A particularly difficult aspect of transitional care is the establishment of 
the patient as the decision-maker. In childhood, decisions are made by the 
parents in discussion with the physician. The child is increasingly involved 
with maturity, but it is a rare family that gives the total care to the child. 
In adolescence, two changes occur, usually simultaneously. First, the patient 
wishes to break away from the parents and start to make decisions alone. 
Second, there is a change in priorities so that the adolescent sees require- 
ments that the parents do not consider important and vice versa. 

The new medical team have a difficult tight rope on which to walk! It is 
most important for the new physician to remember who is now the patient 
and not become a go-between in a parent/adolescent battle. A common prob- 
lem arises when a non-life threatening symptom, for example, poor urinary 
continence, is seen by the parents as devastating and by the adolescent as 
unimportant. 

In most societies, even when patients have not reached the legal age of 
consent, they are deemed competent to make medical decisions providing 
they understand the consequences of their actions (in the UK this is called 
Gillick competence after the legal case that established the precedent). 

A more difficult, but fortunately rare problem arises when an adolescent 
refuses life-saving treatment. Such cases will always require involvement of 
mental health teams and often legal ones as well. 

There is no easy way of transferring responsibility from parents to the 
adolescent. A good start can be made when the pediatric team first introduce 
the family to the adult urologist. I find it helpful, right from the start, to con- 
verse directly with the patient. Even when the parents ask a question, I prefer 
to address the answer to the patient. There will usually be an opportunity 
to examine the patient and the parents can be asked to wait outside. 
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The physician can then ask if there are any private concerns that need 
discussion. 

Most patients want to discuss their sexuality but are afraid to ask. Most 
physicians are afraid that they will ask! It is not usually a good idea for the 
physician to ask outright if sex is on the agenda. If the patient (or parents) 
broach the subject, it must be addressed in a truthful and straight forward 
manner. Some families will have been given unrealistic expectations. If it 
is not raised at the first meeting, the subject must be introduced gently and 
sensitively in the subsequent ones. 

During transition, the other specialties that will be needed can be iden- 
tified. Just as the urological requirements are complex, so are those of 
nephrology, psychology, orthopaedics and gynecology. Without an enthu- 
siastic team, adolescent care will be difficult. 


Transitional care box 

e Plan the transfer to adult care in good time 
Introduce child and parents to the adult team 
Establish the anatomy and physiology of the genito-urinary tract 
Ask the child what he/she thinks is the diagnosis 
Begin the transfer of responsibility for decisions to the patient 
Enable the discussion of sexuality 


e 
e 
e 
o 
e 
e Identify supporting specialists 


THE KIDNEYS 


Renal Function 


Damage to the kidneys occurs in foetal life in many of the congenital 
urological anomalies. Although the structural anomaly, such as a posterior 
urethral valve, may be corrected just after birth (or even in utero) the kidneys 
may never recover so that hypertension and renal failure develop in later 
life. Renal follow-up is an integral part of adolescent care. Blood pressure 
measurement, tests for urinary protein and serum creatinine must be a part 
of the annual review. The most useful guide for the long-term monitoring of 
proteinuria is the protein/creatinine ratio. 

Patients who reach adolescence with a glomerular filtration rate (GFR) 
of less than 40 ml/min/1.73 m? have a substantial chance of developing end 
stage renal failure within 16 years (Fig. 17.1) (J). The downward progress 
can be slowed with rigorous control of proteinuria and blood pressure with 
angiotensin conversion enzyme inhibitors (ACEI). 

The cause is probably hyperperfusion injury of surviving nephrons, but 
a watch must be kept for continuing damage to the kidneys by the bladder 
especially in boys born with posterior urethral valves. 
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Fig. 17.1. Percentage of patients surviving without dialysis/transplantation by initial 
GFR corrected to 1.73 m?. Time zero was at entry into adolescent follow-up around 
puberty (/). 


Hypertension 


Damaged kidneys cause hypertension. Even a small scar may be incrim- 
inated. If scars are suspected, a DMSA scan is essential (Fig. 17.2). All 
patients must have the blood pressure measured once a year. 


Fig. 17.2. Tc-99m DMSA scan showing bilateral cortical scarring. The changes are 
more profound on the left side compared to right. The left kidney contributes 37% to 
total renal function; right 63%. (Courtesy of Dr J.Bomanji.) 


The risk of hypertension has been best documented in patients with reflux 
nephropathy. In assessing risk, however, it is essential to remember that nor- 
mal blood pressure increases with age (Fig. 17.3). The traditional cut-off for 
normality of 140/90 mmHg is not appropriate for adolescents. 

The range given in the literature for the incidence of hypertension is very 
wide, partly from the definition used and partly from the inclusion criteria of 
the study. The risk certainly increases with age. It seems likely that a patient 
with unilateral nephropathy 18 years old has a 12% risk of hypertension (2). 
At the top end, a 27 year old with bilateral nephropathy may have a risk as 
high as 44% (3). More conservative figures of 18.5% and even 12% were 
given by Wallace et al. and Smellie et al., respectively (4, 5). 
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Fig. 17.3. Diastolic blood pressure by age in boys (upper graph) and girls (lower 
graph) (25). 


The kidney box 

e Establish the blood pressure and renal function at the first visit 

e Damaged kidneys may cause hypertension. The blood pressure 
must be measured at least annually, remembering the age 
adjusted norms 

e Patients with a glomerular filtration rate below 40 ml/min/ 
1.73m2 have a substantial risk of end stage renal failure. 

e Creatinine and urine protein should be measured at least annually 

e Although deteriorating renal function is usually due to hyper 
filtration injury, anatomical or functional problems in the lower 
urinary tract should also be considered as a cause. 

e Enlist the help of a nephrologist. 


THE BLADDER OR URINARY RESERVOIR 


Classically, the bladder is described as an organ for the storage and evac- 
uation of urine. However, at all ages, but particularly in the young, the 
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function of the bladder may have a profound effect on renal function. The 
monitoring of the one cannot be separated from that of the other. 


Posterior Urethral Valves 


It is essential to understand that the main long-term consequences of pos- 
terior urethral valves (PUV) occur because of damage to the bladder by 
obstructed voiding in utero and in the neonatal period before the valve is 
resected. They consist of loss of compliance, detrusor instability and reduced 
functional capacity. In adulthood, the pattern may change to one of chronic 
retention, often with high pressure. 

Although not seen in all PUV boys, the potential for such damage is 
always present and may not be manifest until adolescence or early adult 
life. The symptoms will be familiar to all urologists as frequency, urgency 
and incontinence. What may not be recognised is the relentless effect on the 
kidney. 

The progressive nature of renal failure in PUV boys has been recognised 
for many years. In 1988 the incidence of renal failure was 23% at 10 years 
old (yo), 30% at 16 yo and 43% at 30 yo (6). In spite of a greater under- 
standing of the pathophysiology of the valve bladder, these figures have not 
greatly improved (18%, 32 and 36%, respectively, in 2005) (7). A normal 
serum creatinine at the beginning of puberty does not mean that it will be 
normal at the end. 

Apart from the renal damage caused by the unrelieved obstruction before 
the valve resection, there is ongoing damage from the poorly compliant blad- 
der. Upper tract obstruction causes damage to the renal medulla resulting in 
concentration defects and polyuria. There are, therefore, more bladder filling 
cycles in a day so that longer periods are spent with dangerously high blad- 
der storage pressures, thus further worsening renal damage. Factors of poor 
prognostic significance are diagnosis before the age of 1 (including intra 
uterine diagnosis), diurnal incontinence after 5 yo, persistent bilateral reflux 
and polyuria (6). There is a suggestion from recent work that renal failure 
may be prevented by aggressive bladder management with anticholinergics, 
self-catheterisation and clam cystoplasty (8). 


The valve bladder box 

e Irreversible damage to the bladder and kidneys occurs in utero 

e The incidence of end stage renal failure at 30 yo is about 35% 

e A normal creatinine at the onset of puberty does not mean that it 
will be normal in adulthood 

e In adolescence, the bladder may deteriorate, developing high 
pressure chronic retention 

e Monitoring of renal function, proteinuria and residual urine must 
be done at least annually 
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Exstrophy 


Children with exstrophy have an isolated anomaly and generally grow 
up very well. The reconstructed bladder may not be durable into adult- 
hood. Only 23% of exstrophy children who are now adults avoided a 
diversion. Of those whose bladder reconstruction survives childhood, up 
to 60% will require further reconstruction in adolescence or early adult 
life (9). 

In children born in the last 20 years, the results of reconstruction, with or 
without augmentation have been much better. It is generally done in first day 
or so of life. It is reasonable to expect that the results will be more durable. 

If the bladder does deteriorate in early adult life, the investigation should 
be along standard lines with imaging and urodynamic studies. There is a par- 
ticular difficulty when the child leaves school. In a disciplined environment 
a bladder that has a ‘dry interval’ of about 3—4 h may appear to be continent. 
With the more haphazard life of work or college, it may not be convenient 
to void by the clock and the patient may become incontinent — the bladder 
has not changed, but the way of life has. 

If the bladder as a reservoir is inadequate through high pressure or low 
capacity, it should be augmented using standard surgical techniques. 

The bladder outlet is much more of a problem. There are no natu- 
ral sphincters. If the bladder is enlarged, the outlet may become conti- 
nent. However, emptying may no longer be possible and clean intermit- 
tent self catheterisation (CIC) may be necessary. The reconstructed urethra 
may not be easy to catheterise and a check should always be made before 
surgery. 

If the outlet is too weak, a further bladder neck reconstruction may be 
possible but the results are not good. It may be better to close the bladder 
neck and form a Mitrofanoff channel for CIC. 

The bladder in exstrophy is at risk of developing cancer at a young age. 
The incidence is 645 times that of the normal population by the age of 
40 years. Most cases have been described in those who were diverted in 
childhood, leaving part or all, of the bladder defunctioned (Fig. 17.4). It is 
possible that the risk will be lower with a functioning bladder (10). 


The exstrophy bladder box 

e In exstrophy, a bladder that is continent and empties completely 
in childhood may not continue to do so in adult life. 

e Bladder function must be monitored at least annually by 
ultra-sound 

e At least in patients who have a urinary diversion, the risk of 
cancer in the bladder remnant is very high. The risk with a func- 
tioning bladder is unknown 
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Fig. 17.4. Clinical photograph of a man born with exstrophy with a carcinoma of the 
bladder ulcerating through the open urethra. 


Intestinal Urinary Reservoirs 


All urinary reservoirs made of intestine have the same basic long-term 
problems. Hyperchloraemic acidosis occurs in up to 14% of patients though 
many more may have a metabolic acidosis with respiratory compensation. 
Anaemia occurs in 8% (11). Vitamin B12 deficiency is a risk after 5 years 
especially if terminal ileum is used (72). 

Reservoir stones occur in 12—15% of patients. Risk factors include infec- 
tion, need for CIC and retained mucus. Recent work has suggested that there 
may be metabolic abnormalities in some patients with enterocystoplasty that 
predispose to stone formation. The most important are low urinary citrate 
and high pH (/3) 

A particular worry is the possibility of abnormalities in bone develop- 
ment in children. Growth in height and weight are normal (/4). In rats with 
ureterosigmoidostomies there is loss of development of the femora unless 
continuous antibiotics are given (/5). In all forms of enterocystoplasty there 
is significant loss of bone mineral density due to expansion of marrow cavity 
regardless of antibiotic administration (/6). Resolution of this problem is of 
particular importance especially with the renewed enthusiasm for modified 
forms of ureterosigmoidostomy such as the Mainz II. However, the clinical 
consequences of these changes are uncertain. There is an increased risk of 
fractures in children born with spina bifida, but there have not been such 
reports in other groups. 

Reservoir perforation is a lethal complication which is, fortunately, rare. 
Delayed diagnosis and inadequate treatment may lead to the death of the 
patient. The diagnosis is best made on clinical grounds. The patient presents 
with acute abdominal pain and reduced (or absent) urine volume on CIC. 
Abdominal fluid collections are identified by ultra sound or computerised 
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tomography. Aspiration of the fluid produces urine and mucus. Unless there 
is improvement within a few hours on antibiotics and intravenous fluids and 
antibiotics, laparotomy is essential (17). 

Cancer is an important long-term risk. A distinction must be made 
between neoplasms of a retained bladder, an augmenting intestinal segment 
and an anastomosis between urothelium and intestine. 

The anastomotic neoplasm is classically seen in patients with ureterosig- 
moidostomy (Fig. 17.5). The incidence is 22% at 20 years of follow-up and 
33% at 35 years. How many of these are malignant will depend on the vig- 
ilance of follow-up, benign lesions probably taking a mean of 5 years to 
become malignant. In my own series, where most cases are found by surveil- 
lance flexible sigmoidoscopy, malignant tumours were found in 7% at 20 
years and 9% at 35 years (10). 

It now is becoming apparent that in reservoirs with faeces excluded, there 
is still a risk of neoplasia. In a recent review, 49 cases of reservoir malignan- 
cies were identified in the literature (Table 17.1) (/8). 


Ureter Anastomosis Tumour 


Fig. 17.5. Photograph of a surgical specimen of ureter with an anastomotic tumour 
removed from a patient with a ureterosigmoidostomy. 


More worrying are figures from a long-term follow-up of 260 children 
who had a bladder augmentation. At a minimum of 10 years, 3 had devel- 
oped transitional cell carcinoma of the bladder. This incidence of 1.6% is far 
higher than would be expected in such young individuals (/9). 

Patients with an augmented bladder with urethral access should have a 
flexible cystoscopy annually from the 12th year. Where access to any reser- 
voir is only through a Mitrofanoff, the problem is more difficult. A standard 
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Table 17.1 
Number of malignancies in various urinary diversions and 
reconstructions reported in the literature 


Total Anastomotic 
Tleocystoplasty 29 18 
Colocystoplasty 8 10 
Ileal reservoir 1 0 
Colonic reservoir 11 5 
Ileal conduit 12 


Adapted from Austen and Kalble (18) 


flexible cystoscope may be too large to pass. A smaller one may have too 
small a field of view definitely to exclude a tumour. 

Manipulation of the instrument in the Mitrofanoff channel may damage 
continence. It may be that diagnosis will have to rely on regular ultra sound, 
augmented if necessary with a rigid cystoscopy through a suprapubic punc- 
ture. The emerging technique of virtual (imaging) endoscopy may prove to 
be useful. 


The intestinal reservoir box 

e Serum chloride, bicarbonate and vitamin B12 must be monitored 
at least annually 

e Stones occur in up to 15% of patients 

e Perforation is a potentially lethal complication. An acute 
abdomen in a patient with an intestinal reservoir must be 
managed aggressively with early surgery 

e The risk of malignancy is uncertain (except in those with a 
ureterosigmoidostomy in whom it is 20% at 20 years), but 
patients should be monitored if practical 


SEXUALITY AND FERTILITY 


Disclosure 


Pediatric urologists must not try to avoid discussing these aspects with 
patients and their families. In particular they must not imply that ‘all the 
problems will be sorted out by the adult urologist’. If a boy has a small or 
abnormal penis it will come as appalling disappointment to discover that 
surgery in adolescence will not make it bigger. It is often difficult to predict 
fertility, but those who are definitely infertile (e.g. absent uterus, ovaries or 
testes) should be so informed at an appropriate time. 
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The help of gynecologists, endocrinologist and psychotherapists will 
often be needed. However, they will be of little use unless they are famil- 
iar with the complexities of the diagnoses. This is particularly true of psy- 
chotherapists whose normal training will not have covered these conditions. 
They will need guidance in those conditions where an obvious physical 
anomaly, such as a short penis, is the cause of severe emotional distress 
but cannot be corrected. 


Hypospadias 

There are so many operations for the repair of hypospadias that the non- 
specialist may despair of ever understanding even the basic techniques. By 
adult life, however, most patients have had a satisfactory repair, at least 
by the standards of the surgeon. Surgeons reviewing their own results give 
glowing reports such as a straight erection and normal urine stream in 100%. 
With objective review, the results may be poor in up to 50% (20). 

The patients are often less satisfied. It would appear that they are least 
satisfied with the aspects that are least easy to correct, such as penile and 
glans size and the absence of a normal prepuce (20). 

There is no consensus on the effect of hypospadias on sexual develop- 
ment, if only because today’s adults were reconstructed using techniques 
that have been superseded. 

If there are gross persistent anomalies, especially chordee, intercourse 
may be impossible (Fig. 17.6). With lesser anomalies, particularly of a cos- 
metic variety, sexual debut and intercourse may be nearly normal. When 
compared to boys operated for hernia or for phimosis, there are no dif- 
ferences in the development of standard sexual milestones (2/). Seminal 
anomalies may be seen in up to 50%, but there does not seem to be an 
increased incidence of infertility. 

With penoscrotal or perineal hypospadias (often presenting as a disorder 
of sexual differentiation) intercourse is possible but ejaculation is poor and 
infertility common. 


Exstrophy Males 


The penis in exstrophy is short but of normal calibre. An intrinsic part of 
the anomaly is tight dorsal chordee (Fig. 17.7). If not corrected in infancy, 
the deformity will prevent penetrative sexual intercourse. In adults, the 
deformity is investigated by artificial erection, infusing both corpora with 
saline. Minor defects may be corrected by a ventral Nesbit’s procedure, 
severe ones by a Cantwell-Ransley operation. 


Exstrophy Females 


The vagina is short and lies in a more horizontal plane than normal. The 
labia are on the anterior abdominal wall. The introitus is narrow and the cli- 
toris is bifid. Although the position of the labia cannot be changed, the whole 
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Fig. 17.6. Operative photograph of a man with uncorrected hypospadias and chordee. 


Fig. 17.7. Clinical photograph of the penis in a man born with exstrophy to illustrate 
tight dorsal chordee. 


abnormality can be disguised and made completely functional. Patients are 
normally fertile (22). 
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Uterine prolapse is very common and is unrelated to pregnancy. Proce- 
dentia occurs in up to 50% of females, usually, but not always, following 
pregnancy (22). 


Posterior Urethral Valves 


Like the bladder, the prostate is damaged by back pressure before the 
valve is resected. This may lead to abnormal semen and poor ejaculation 
in up to 50% of boys. The seminal abnormality is characterised by lack of 
liquefaction, low sperm count, poor motility and high pH (up to 9.5). The 
effect on fertility is unknown but up to a third of patients appear to have 
some difficulty in achieving paternity. The dilated posterior urethra means 
that inadequate pressure is established at the beginning of orgasm resulting 
in less forceful (or absent) ejaculation (23). 


Fertility 


Many anomalies also affect fertility and pregnancy. Advances in repro- 
ductive technology have improved matters very considerably, but also bring 
problems of stress and expense. 

Poor male fertility is seen in exstrophy, prune belly syndrome, renal fail- 
ure, disorders of sexual differentiation and spina bifida. Boys born with a 
unilateral undescended testis (UDT) probably have normal fertility. Those 
with bilateral UDT successfully operated in childhood have about a 50% 
chance of fathering a child. 

Poor female fertility is seen in chronic renal failure, disorders of sex- 
ual differentiation (including congenital adrenal hyperplasia) and anoma- 
lies of uterine development. There is a specific problem in confirming preg- 
nancy in women whose urine is stored in an intestinal reservoir: the standard 
HCG antibody (blue line) urine test is commonly positive in the absence 
of pregnancy (24). Pregnancy must be confirmed by measurement of the 
serum HCG. 

Pregnancy itself has particular problems in women with spina bifida, 
enterocystoplasty, re-implanted ureters and exstrophy. However, almost all 
resolve after delivery. Women should always be advised of such problems 
but few are deterred from having a baby as a result. 

In couples where either partner was born with spina bifida, there is a 1:23 
risk of their offspring having a neural tube defect. The risk can be consider- 
ably reduced (but not abolished) by giving the mother folic acid 4 mg daily 
for at least 3 months before conception and for the first trimester. 

In women with a GFR below 50 ml/min/1.73 m? and a diastolic blood 
pressure (untreated) above 90 mmHg, there are very significant risks of irre- 
versible deterioration. Between a third and two-thirds will be precipitated 
into end stage renal failure, about 20% will have worse hypertension and 
20% worse proteinuria after delivery. 
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12. 


13. 


The sex and fertility box 

e The greatest sensitivity is required in discussion of these aspects 
of adolescence 

e Physicians must create an environment in which sexuality and 
fertility can be explored 

e Consultation with a psychologist or sexual counsellor may be 
needed 

e Where possible, physical abnormalities must be corrected by 
surgery when the patient wishes 

e The risks of pregnancy in special situations such as advanced 
renal failure and spina bifida must be described 

e Advice on contraception and the prophylaxis for neural tube 
defects must be provided 
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l 8 Laparoscopy in the Pediatric 
Population 


Glenn Cannon and Carlos R. Estrada 


Abstract Although once limited to the adult population, laparoscopic applications 
to urologic surgery are now being successfully applied to children of all ages. The 
current role of laparoscopy in children requiring pyeloplasty, orchidopexy, renal 
ablative procedures, ureteral reimplantation, lower urinary tract reconstruction, and 
varicocelectomy are reviewed. Newer applications of robotic assistance are also dis- 
cussed with emphasis on published results. Future research will continue to define 
the safest and most efficacious applications of laparoscopy in pediatric urology. 


Keywords Laparoscopy - Pediatrics - Urology - Ureteral obstruction - Urinary 
bladder - Neurogenic - Vesico-uretral reflux - Hydronephrosis - Testis - 
undescended - Varicocele - Robotics 


INTRODUCTION 


Laparoscopic procedures have blossomed in the field of pediatric urology 
over the last 15 years. As visualization and instrumentation have improved, 
laparoscopic techniques have now been successfully applied to pyeloplasty, 
renal ablative procedures, orchidopexy, lower urinary tract reconstruction, 
ureteral reimplantation, and varicocelectomy. Children are now able to ben- 
efit from the laparoscopic benefits of improved cosmesis and decreased 
postoperative pain that have long been known in adult surgery. Robotic- 
assistance is now being applied to almost every laparoscopic procedure in 
pediatric urology and further experience will determine the ideal role it will 
play in the future. 
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ANESTHETIC CONCERNS 


When performing laparoscopy in children, unique physiologic factors 
must be taken into account. This is especially true in retroperitoneal pro- 
cedures because the retroperitoneum offers less of a barrier to CO2 accu- 
mulation and absorption than the peritoneal space (/). Factors such as heart 
rate dependent cardiac output, altered total thoracic compliance, and suscep- 
tibility to postoperative respiratory muscle fatigue all decrease the margin of 
safety of anesthesia in infants and children (2, 3). Halachmi et al. performed 
a retrospective review of the hemodynamic and respiratory effect of pedi- 
atric urological laparoscopic surgery (4). In their series of 62 patients, they 
noted that upon COz insufflation, there was a significant reduction in O2 
saturation, increase in end tidal CO2, and increase in peak airway pressure. 
The same group later performed a prospective study of 18 healthy children 
undergoing elective laparoscopic retroperitoneal urological surgery with a 
standard anesthetic regime (5). Upon insufflation of CO7, there were sta- 
tistically significant increases in peak airway pressure, end tidal CO2, and 
mean arterial pressure. Each trended toward baseline at the conclusion of 
the procedure. 

In higher risk children with pulmonary pathology, increased attention 
must be given to arterial pCO% levels during CO2 insufflation (2). El- 
Ghoneimi et al. reported a series of 12 retroperitoneal nephrectomies in 
nine high-risk children with end stage renal disease (6). Although upon CO2 
insufflation systolic arterial pressure and end tidal CO2 were significantly 
increased, there were no complications and mean hospital stay was 5.2 days. 
Another group who have been considered at higher risk for laparoscopy are 
children with ventriculoperitoneal shunts. Jackman et al. reviewed 19 laparo- 
scopic operations in children with ventriculoperitoneal shunts and found no 
evidence of clinically significant increased intracranial pressure (7). 


LAPAROSCOPIC PYELOPLASTY 


The most common cause of neonatal hydronephrosis is ureteropelvic 
junction (UPJ) obstruction (8). Since Anderson and Haynes first described 
open pyeloplasty in 1949 (9), the procedure has long been the standard 
in repair of UPJ obstruction with reported success rates of 85-98% (J0- 
14). Since its initial description by Peters in 1995 (/5), laparoscopic pyelo- 
plasty has become a standard treatment of ureteropelvic junction obstruction 
in children. The operation can be performed with either a transperitoneal 
or retroperitoneal approach. The transperitoneal approach offers the bene- 
fit of a larger working space. The retroperitoneal offers a potential bene- 
fit of not entering the peritoneum and risking abdominal organ injury (/6). 
Canon et al. performed a retrospective review comparing the transperitoneal 
and retroperitoneal approached to laparoscopic pyeloplasty in children (/7). 
They found no difference in success and complication rates between the two 
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approaches. Shoma et al. performed a prospective, randomized trial com- 
paring the two approaches and demonstrated good functional outcome and 
low morbidity regardless of the approach (/8). Therefore, the decision to 
perform either transperitoneal or retroperitoneal laparoscopic pyeloplasty is 
currently best determined by an individual surgeon’s personal experience 
and comfort level. 

Since the initial case series reported by Tan in 1999 (/9), multiple series 
have demonstrated that laparoscopic pyeloplasty in children has similar suc- 
cess rates compared to open pyeloplasty (/6, 20-26). Although with some 
surgeons the procedure was initially limited to older children (/6, /9), 
the development of finer instrumentation has allowed the procedure to be 
applied successfully in younger children and infants. Cascio et al. reported 
an 86% success rate in laparoscopic dismembered pyeloplasty in children 
under 2 years of age (27). Kutikov et al. reported a 100% success rate of 
laparoscopic pyeloplasty in eight children under 6 months of age (28). 

Although the number of surgeons performing laparoscopic pyeloplasty 
has increased in recent years, limited diffusion of the technique has restricted 
its availability (29). One of the greatest challenges to performing laparo- 
scopic pyeloplasty is the difficulty in performing intracorporeal suturing 
with standard laparoscopic instruments. Mastery of this skill is associated 
with a steep learning curve that can be significantly shortened by perform- 
ing laparoscopic pyeloplasty with robotic assistance (Fig. 18.1) (30-32). 

The introduction and widespread availability of the da Vinci Surgi- 
cal System (Intuitive, Sunnyvale, CA) have led to an increase in robotic 
laparoscopic procedures in pediatric urology. Compare to conventional 
laparoscopy, the da Vinci System offers 90 degrees of articulation, 7 degrees 
of freedom, motion scaling, and tremor reduction (33). In addition to the 
standard 8-mm instruments, 5-mm ones have been developed targeting pedi- 
atric urology and pediatric general surgical applications (Fig. 18.2). Robotic 
laparoscopic applications in pediatric urology include pyeloplasty, orchi- 
dopexy, varicocelectomy, total and partial nephrectomy, ureteral reimplan- 
tation, and bladder reconstructive surgery (34). 

Currently, the robotic procedure with the most published information 
is robotic-assisted laparoscopic pyeloplasty. Yee et al. compared eight 
pediatric patients who underwent robotic pyeloplasty with eight age- 
matched patients who underwent open pyeloplasty (35). They demonstrated 
decreased length of hospitalization and decreased opioid requirement with 
the robotic procedure, but longer operative time. Lee et al. compared a 
larger cohort of 33 children who underwent robotic laparoscopic pyelo- 
plasty with age-matched children who underwent open pyeloplasty (36). 
They also demonstrated decreased length of stay and opioid requirements 
with the robotic-assisted procedure and similar operative times compared 
to open pyeloplasty. It has been stated that robotic assisted pyeloplasty 
is associated with a longer operative time than conventional laparoscopic 
pyeloplasty (37). However, in multiple studies in both adults and children, 
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Fig. 18.1. Robotic assisted laparoscopic dismembered pyeloplasty. This case demon- 
strates lower pole crossing vessels causing a UPJ obstruction. (a) The UPJ is exposed 
through a transmesenteric approach and is retracted using a “hitch stitch.” The cross- 
ing vessels are clearly seen. (b) Following transection of the ureter, it is spatulated 
on its lateral aspect. (c) The ureteropelvic anastomosis is completed with the “hitch 
stitch” in place. In this case 6-0 polyglecaprone (Monocryl) running sutures were uti- 
lized. (d) The appearance of the reconstructed UPJ transposed in front of the lower pole 
crossing vessels. 


robotic-assisted pyeloplasty has been demonstrated to have shorter operative 
times than standard laparoscopic pyeloplasty but have comparable compli- 
cations and results (3/7, 38, 39). 

As availability of and experience with the da Vinci Surgical System 
increase, indications for robotic assisted pyeloplasty are expanding to dif- 
ficult situations where conventional laparoscopic pyeloplasty would be 
exceedingly difficult or impossible. Successful pediatric robotic assisted 
pyeloplasty procedures have been reported in reoperative procedures (40) 
and post-traumatic UPJ disruption (4/). As availability of the da Vinci Sur- 
gical System increases, robotic-assisted procedures will become more com- 
mon when performing laparoscopic pyeloplasty. 


LAPAROSCOPIC ORCHIOPEXY 


The surgical management of undescended testis has changed significantly 
in the last 15 years. In 1995, Docimo reviewed 64 articles pertaining to 
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5mm 


Fig. 18.2. 5-mm and 8-mm da Vinci instruments. There is no difference in the maneu- 
verability between the two sizes. The 5-mm instruments do provide an advantage when 
working in small spaces, which are frequently encountered in pediatric urology. 


8,425 undescended testes to examine success rates reported for orchiopexy 
(42). Success rates by procedure were 89% for inguinal, 67% for Fowler- 
Stephens, 77% for staged Fowler-Stephens, 81% for transabdominal, 73% 
for 2-stage, and 84% for microvascular orchidopexy. The success rate for 
testes with an abdominal position was only 74% leading to the conclusion 
that efforts could be made to improve orchidopexy in proximal undescended 
testes. 

Beginning in the 1990s, interest began in performing laparoscopic orchi- 
dopexy. Initial reports had greater than 90% success rates, but low patient 
numbers (43-49). Baker et al. combined and analyzed the results of laparo- 
scopic orchidopexy from centers with a large experience with smaller series 
to determine the expected success rate (50). In their multi-institutional 
review, primary laparoscopic orchidopexy had a success rate of 97.8% with 
a mean follow-up of 7.7 months. 

Recent literature has focused on factors that predict success in laparo- 
scopic orchidopexy. Banieghbal and Davies reported that if the testis can be 
mobilized to where it can be stretched over the contralateral inguinal ring, 
successful orchidopexy can be carried out 100% of the time (5/). However, 
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this finding has been questioned. Yucel et al. reported a series of 46 testes 
treated with laparoscopic orchidopexy and stated that location within 2 cm 
of the inguinal ring and mobility to the contralateral ring did not predict abil- 
ity to bring the testis into the low scrotum (52). El-Anany et al. have noted 
that older children have less stretch to their spermatic vessels and may be 
more likely to require division of the spermatic vessels (53). 

Diagnostic laparoscopy for undescended testes and laparoscopic orchi- 
dopexy are now some of the most common laparoscopic procedures per- 
formed in pediatric urology. Cost analysis has demonstrated that initial 
laparoscopic evaluation of the clinically nonpalpable testis is cost saving 
compared to initial inguinal-scrotal exploration (54). Further research is 
needed to best determine the factors that predict success either with or with- 
out spermatic vessel ligation. 


LAPAROSCOPIC RENAL ABLATIVE SURGERY 


Since the initial description of a laparoscopic heminephrectomy in a 14- 
year-old by Jordan and Winslow in 1993 (55), a large amount of litera- 
ture has been devoted to laparoscopic renal ablative surgery in children. 
Janetschek et al. presented the first series of pediatric laparoscopic hem- 
inephrectomy (56). In 12 cases, 7 upper renal poles were removed for 
ectopic refluxing megaureter and obstructive ureteroceles. Five lower poles 
were removed for reflux nephropathy. Although their blood loss was mini- 
mal (10-30 ml) and there were no complications and mean operative time 
was 222 min. The authors concluded that this technically demanding proce- 
dure should only be performed at specialized centers. Horowitz et al. later 
reported a series of 14 laparoscopic upper pole heminephrectomies with a 
mean operative time of 100 min (57). 

To assess for potential benefits of laparoscopic renal ablative surgery 
over open procedures, Robinson et al. retrospectively compared 22 consec- 
utive partial nephrectomies of which 11 were performed laparoscopically 
and 11 performed open in a nonrandomized fashion. Although the mean 
operative time was significantly longer for the laparoscopic group (200 min 
vs. 114 min), there was no difference in mean hospital stay. Patients in the 
laparoscopic group had a significantly less opioid requirement than the open 
group. Piaggio et al. compared intraperitoneal laparoscopic partial nephrec- 
tomy to an open retroperitoneal approach (58). They noted that length of 
hospitalization was shorter in the laparoscopic group and stated that the pro- 
cedure is feasible even in small infants. 

Success in laparoscopic partial nephrectomy has also been reported via a 
retroperitoneal approach (59, 60). Lee et al. performed an age-matched com- 
parison of pediatric patients undergoing retroperitoneal laparoscopic partial 
nephrectomy to open surgery (6/). Compared to open partial nephrectomy, 
the laparoscopic approach was associated with equivalent operative times 
and significantly less length of stay and postoperative opioid requirements. 
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Although ultimately the surgical approach will be chosen by an individual 
surgeon’s comfort level and experience, Borzi and Yeung proposed select- 
ing an approach based on the specific type of procedure performed (62). 
Reporting an experience of 179 laparoscopic procedures, they recom- 
mended a posterior retroperitoneal approach for isolated renal excision with- 
out extended ureterectomy, a lateral retroperitoneal approach for complete 
ureterectomy or access to horseshoe and pelvic kidneys, and a transperi- 
toneal approach when complete moiety excision with lower urinary recon- 
struction is planned. Castellan et al. also reported their experience utilizing 
both transperitoneal and retroperitoneal heminephrectomy (63). They noted 
that although there was no difference in complication rate between the 
two approaches, 80% of their complications occurred in children younger 
than 1 year. The posterior prone retroperitoneal approach has been recom- 
mended for children with end stage renal disease who may require immedi- 
ate peritoneal dialysis (64, 65). Martinez Urrutia et al. have reported bilateral 
laparoscopic nephrectomy with simultaneous peritoneal dialysis catheter 
implantation (66). 

As experience with laparoscopic nephrectomy and heminephroureterec- 
tomy increases, operative time and estimated blood loss can improve. Yucel 
et al. retrospectively reviewed their experience with laparoscopic ablative 
renal surgery performed by one surgeon over a 6-year period (67). At the 
4th year of their experience, they noted a statistically significant improve- 
ment in operative time for laparoscopic nephrectomy and in estimated 
blood loss for laparoscopic heminephroureterectomy. They concluded that 
their experience should continue to encourage pediatric urologists to per- 
form laparoscopic renal ablative surgery. Increased experience with pedi- 
atric laparoscopic renal surgery has also led to expanded indications for its 
performance such as laparoscopic nephrectomy for giant hydronephrosis of 
the kidney (68, 69). 

With its decreased length of stay, decreased postoperative opioid require- 
ments, improved cosmesis, and equivalent operative times to open surgery, 
laparoscopic nephrectomy, and heminephrectomy have become widespread 
procedures in pediatric urology. In a cost analysis from the United Kingdom, 
the laparoscopic approach to nephrectomy in children was 54% less expen- 
sive than the open approach (70). Currently, the da Vinci Surgical System 
is starting to be utilized with laparoscopic heminephrectomy and future 
research will determine its utility compared to conventional laparoscopy. 


LAPAROSCOPIC LOWER URINARY TRACT 
RECONSTRUCTION 


Laparoscopic lower urinary tract reconstruction has been slow in gain- 
ing widespread acceptance due to the perceived difficulty and intricate 
nature of such procedures. In 1993, Jordan and Winslow first reported a 
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laparoscopic-assisted appendicovesicostomy in a 15-year-old girl (7/). The 
appendix and cecum were mobilized laparoscopically but an open cysto- 
tomy was performed for the anastomosis. Two years later Docimo et al. 
reported performing a laparoscopic bladder augmentation with stomach uti- 
lizing a stapled technique (72). In 1999, Hedican et al. reported a series of 
eight pediatric patients undergoing laparoscopic assisted lower urinary tract 
reconstruction including bladder augmentation, appendicovesicostomy, and 
Malone antegrade continence enema procedures (73). Laparoscopy was uti- 
lized for mobilization and appendiceal harvesting while the reconstruction 
was completed through a Pfannensteil or low-midline incision. Their opera- 
tive time was comparable to similar open procedures and they experienced 
minimal blood loss. Cadeddu and Docimo later compared laparoscopic- 
assisted to open continent stoma procedures (74). Compared to the laparo- 
scopic group, the patients who underwent the open procedure had similar 
operative times but took longer to resume a regular diet (5.6 days vs. 2.3 
days) and had a longer length of stay (7.4 days vs. 4.1 days). 

Beginning with the initial reports by Meng et al. and Elliott et al. of 
performing a complete intracorporeal enterocystoplasty (75, 76), urolo- 
gists have begun to focus on performing lower urinary tract reconstruc- 
tion entirely in a laparoscopic fashion. Casale et al. followed by Hsu and 
Shortliffe each reported performing a complete intracorporeal laparoscopic 
appendicovesicostomy (77, 78). Subsequently, multiple series have reported 
safety and success with complete intracorporeal laparoscopic augmentation 
ileocystoplasty either with or without a Malone antegrade continence enema 
procedure at the same time (79, 80). Utilizing fewer ports and transabdom- 
inal fixating sutures have allowed the procedure to overcome the limited 
working space within children (87). 

The application of the robotic da Vinci Surgical System to laparoscopic 
lower urinary tract reconstruction represents a new development for these 
challenging laparoscopic procedures. Pedraza et al. reported performing a 
robotic laparoscopic appendicovesicostomy in a 7-year-old boy with a his- 
tory of posterior urethral valves (82). It is current practice at our institution to 
perform laparoscopic lower urinary tract reconstruction with robotic assis- 
tance. Further experience is needed to determine the equivalency or superi- 
ority of robotic-assisted over conventional laparoscopic enterocystoplasty or 
appendicovesicostomy. 


LAPAROSCOPIC URETERAL REIMPLANTATION 


The first report of laparoscopic correction of vesicoureteral reflux in a 
porcine model was by Atala et al. in 1993 (83). By applying a modification 
of the Lich extravesical approach, their success rate was 100% at 5 months 
of follow-up. McDougall et al. later reported another porcine series utilizing 
laparoscopic extravesical repair ($4). Six months postoperatively, five out 
of six pigs had no reflux and one pig had residual grade I reflux. Baldwin 
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et al. later reported another porcine series in which laparoscopic extravesical 
ureteral reimplantation was simplified by transposing the ureters inside the 
bladder with no attempt to cover them with urothelium (85). Their success 
rate at complete resolution of reflux was 100% six months postoperatively. 

Ehrlich et al. reported the first case series of two children who underwent 
laparoscopic extravesical ureteral reimplantation (86). Although there were 
no complications, no follow up information was provided. Janetschek et al. 
later reported a series of six girls who underwent laparoscopic Lich-Gregoir 
reimplantation with one girl approached in an extraperitoneal fashion (87). 
Two of the six children experienced ureteral stenosis and the authors con- 
cluded that the laparoscopic procedure offered no benefit over the conven- 
tional open procedure. 

Newer research has focused on performing laparoscopic intravesical 
ureteral reimplantation. Yeung et al. reported a novel series of 16 chil- 
dren with vesicoureteral reflux who underwent transabdominal, intravesi- 
cal cross-trigonal ureteral reimplantation utilizing CO2 insufflation within 
the bladder (88). They achieved a 96% success rate at complete resolution 
of reflux with a mean operating time of 136 min. Kutikov et al. reported a 
larger series of 32 patients who underwent laparoscopic transvesical reim- 
plantation utilizing a pure laparoscopic approach (89). Their success rate 
was 92.6% for vesicoureteral reflux and 80% for primary obstructing megau- 
reter. However, postoperative urinary leak occurred in 12.5% and ureteral 
stricture occurred in 6.3%. They noted that all but one of the complications 
occurred in patients 2 years or younger. 

Given the complexity and difficulty of performing laparoscopy within 
such a small space, several groups have examined utilizing robotic assistance 
to perform laparoscopic intravesical ureteral reimplantation. Peters and Woo 
initially reported the use of robotic-assistance with laparoscopic intravesical 
ureteral reimplantation with successful results and no port site leakage (90). 
Our institution is currently building a series of robotic-assisted intravesical 
ureteral reimplantations. As experience increases, more will be known about 
the outcomes of this newer procedure that offers superior cosmesis to tradi- 
tional open ureteral reimplantation. 


LAPAROSCOPIC VARICOCELECTOMY 


Varicoceles are found in approximately 15% of adolescent males with a 
significant left-sided predominance (9/). Steeno et al. reported ipsilateral 
volume loss in 34.4% of boys with a grade 2 varicocele and 81.2% of boys 
with a grade 3 varicocele. 

Prior to the 1990s, the traditional treatment for varicoceles in children 
was high retroperitoneal ligation of the spermatic vein. Although associated 
with a low recurrence rate, due to the lack of lymphatic sparing this pro- 
cedure was associated with a high postoperative hydrocele rate (92). The 
initial report of laparoscopic varicocele ligation was by Sanchez et al. in 
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1988 who concluded that it was more expensive and of no additional ben- 
efit to open varicoceletomy. In 1992, Hagood et al. reported the first series 
of patients undergoing laparoscopic varicocelectomy (93). In 10 procedures, 
they reported a 100% success rate. 

Multiple subsequent series have demonstrated the efficacy and advantages 
of laparoscopic varicoceletomy in children and adolescents (94—100). How- 
ever, others have reported decreased efficacy, increase cost, longer opera- 
tive times, and higher complications compared to open varicocele ligation 
(101-103). Riccabona et al. performed a retrospective review of 128 varico- 
celectomies performed with 4 different techniques: laparoscopic, inguinal, 
Palomo, and modified Palomo (suprainginual ligation of artery and vein 
with microsurgical sparing of lymphatics) (/04). In their laparoscopic group, 
preservation of the testicular artery was only possible 57% of the time. Their 
laparoscopic group had a recurrence rate of 11%, significantly less than 2% 
with their modified Palomo technique. They sated that laparoscopic varicoc- 
electomy had been abandoned at their center in favor of the modified Palomo 
technique. 

To resolve the debate surrounding laparoscopic varicoceletomy, Pod- 
kamenev et al. performed a prospective, randomized controlled trial of 654 
boys with either grade II or III left-sided varicoceles comparing laparoscopic 
varicocelectomy with dye-assisted lymphatic-sparing high retroperitoneal 
spermatic vein ligation (/05). Although there was no difference in recur- 
rence between the two techniques, the laparoscopic approach was associated 
with significantly less hydrocele formation, wound complications, opera- 
tive time, and postoperative pain. McManus et al. retrospectively compared 
laparoscopic varicocelectomy with subinguinal microscopic varicocelec- 
tomy, a procedure associated with less recurrence and hydrocele formation 
than the Palomo procedure (/06). In their series laparoscopic varicoc- 
electomy had shorter operative times and fewer negative outcomes com- 
pared to subinguinal microscopic varicoceletomy. This translated into lower 
direct patient costs for the laparoscopic technique. VanderBrink et al. more 
recently performed a retrospective review of lymphatic sparing laparoscopic 
varicocelectomy vs. subinguinal microscopic varicocelectomy (/07). With 
a mean follow-up time of 2 years, there was no difference in recurrence or 
hydrocele formation between the two techniques. However, the mean oper- 
ative time for the laparoscopic group (51 min) was significantly shorter than 
the subinguinal group (140 min). 

In an effort to make laparoscopic varicocelectomy even less invasive, 
several authors have reported on completing the procedure using less than 
three trochars. Multiple authors have demonstrated success equivalent to 
open surgery using only two trochars (708, 109). With a mean follow-up 
of 8 weeks, Kaouk and Palmer reported 100% success in three adoles- 
cents undergoing laparoscopic varicocelectomy through a multichannel sin- 
gle laparoscopic port inserted at the umbilicus (//0). Messina et al. have 
reported good results with a mean follow-up of 23.4 months in 40 children 
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and adolescents undergoing single-trochar varicocelectomy (///). Further 
study of the single-trochar technique is needed before it achieves widespread 
application in laparoscopic varicocelectomy. 


CONCLUSION 


Minimally invasive approaches have been demonstrated to be successful 
in a variety of surgical procedures in pediatric urology. In the past, availabil- 
ity of these procedures was limited to select academic centers. Currently, the 
majority of pediatric urology fellowships now offer extensive laparoscopic 
training (67). As this new generation of pediatric urologists establish their 
practices, laparoscopic alternatives to open surgery will become more avail- 
able and further research will continue to determine its best applications. 
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l 9 Genitourinary Tumors 


Jonathan H. Ross 


Abstract The management of pediatric genitourinary tumors has evolved in recent 
decades largely due to the efforts of multicenter trials. The respective roles of 
surgery, chemotherapy and radiation have been refined to optimize patient out- 
come and minimize patient morbidity. In the United States most Wilms tumors 
are managed by nephrectomy followed by chemotherapy, with radiotherapy added 
for patients with high stage or anaplastic tumors. The outcome for Wilms tumor is 
excellent. While some patients with neuroblastoma are managed with initial tumor 
resection, most have advanced disease and receive neoadjuvant treatment to allow 
more complete surgical excision of the tumor. Because these patients frequently 
have advanced disease, they are sicker at presentation and have a poorer outcome 
than children with Wilms tumor. Since most prepubertal testis tumors are benign, 
the initial surgical management is an excisional biopsy with frozen section. When 
a malignancy is found (almost always yolk sac tumor) the testis is removed. Most 
patients with yolk sac tumor have stage | disease and are managed with observa- 
tion. Those who recur on observation and those who present with metastatic dis- 
ease receive chemotherapy with excellent outcomes for all stages. The trend in the 
management of pelvic rhabdomyosarcomas has been to increase the utilization of 
neoadjuvant therapy in the hopes of minimizing the morbidity of the ultimate tumor 
resection. With this approach, most patients with vaginal tumors are cured with- 
out large resections and many with bladder and prostatic tumors are able to retain 
their bladders. However, many patients still require cystectomy either as part of the 
initial therapy or because of bladder deterioration due to the late effects of radi- 
ation. Patients with paratesticular rhabdomyosarcoma are managed with inguinal 
orchiectomy and chemotherapy. Older patients with stage 1 disease undergo a stag- 
ing modified RPLND (as do patients with radiographic evidence of retroperitoneal 
involvement regardless of age). Abdominal radiation is added for patients with 
retroperitoneal disease. 
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RENAL TUMORS 


Wilms Tumor 


Since its description by Wilms in 1899, the history of this renal tumor has 
represented one of the success stories of pediatric oncology. With optimal 
surgical techniques the survival of Wilms tumor was at best 20% in the early 
20th century. The advent of radiation therapy led to survivals as high as 50%. 
And, with the addition of chemotherapy to the aremamentarium, survival 
rates of better than 90% are currently achieved (/). Large multicenter trials, 
notably the Children’s Oncology Group (COG) in the United States and the 
International Society of Pediatric Oncology (SIOP) in Europe, continue to 
modify protocols in order to reduce the toxicity of therapy for those with 
favorable disease while continuing to improve the survival for those few 
groups of patients with a poor prognosis despite modern therapy. 

Wilms tumor is the most common genitourinary malignancy of child- 
hood. It is bilateral in approximately 5% of cases and multifocal in 12% 
of patients (2). It typically affects young children with a mean age of pre- 
sentation of 3 years. Nearly all Wilms tumors occur sporadically with only 
1-2% occurring in a directly inherited pattern. Several genes have been 
described to be associated with Wilms tumor including two genes on chro- 
mosome 11. Wilms tumor gene 1 (WT1) is a tumor suppressor gene at locus 
11P13 and Wilms tumor gene 2 (WT2) is an insulin-like growth factor gene 
located at locus 11P15 (3, 4). Several syndromes are associated with Wilms 
tumor. The most commonly described syndrome is the Beckwith Wiede- 
mann syndrome, which consists of gigantism, macroglossia, abdominal wall 
defects, and hemihypertrophy. Wilms tumor has also been described in asso- 
ciation with the WAGR syndrome (Wilms tumor, aniridia, genitourinary 
anomalies, and mental retardation) and the Denys-Drash syndrome (pseu- 
dohermaphroditism and glomerular disease). Patients with these syndromes 
should be placed on ultrasound screening protocols for abdominal tumors in 
the hopes of detecting the tumor at a lower stage (5). An ultrasound every 3 
months until 6 or 7 years of age is usually recommended. 

Most patients with Wilms tumor have a favorable classic triphasic his- 
tology. These tumors are composed of a blastemal component with nests of 
small blue cells, an epithelial component with pseudo-tubule formation, and 
a pink stromal component. Unfavorable histology is reflected in an anaplas- 
tic histological pattern which may be focal or diffuse. Along with stage, the 
presence of anaplasia is a powerful prognostic indicator. Fortunately, unfa- 
vorable histology occurs in only about 5% of cases. 

Most children with Wilms tumor present with an abdominal mass noted 
by a family member or physician. Typically Wilms tumor patients appear 
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well at presentation with few if any symptoms. Occasionally they may 
present with decreased appetite or discomfort related to the abdominal mass. 
Rarely they may present with symptoms related to tumor bleeding, metas- 
tases, or a caval thrombus. The initial evaluation in most children with an 
abdominal mass is an ultrasound. Ultrasound can easily distinguish a solid 
mass from other masses such as hydronephrosis and can usually localize 
the mass to the kidney. Ultrasound is also very effective at evaluating the 
renal vein and vena cava for tumor thrombus. But computerized tomography 
scanning (CT) is the standard method for anatomic evaluation of the tumor 
and metastatic disease. On CT Wilms tumors are typically large heteroge- 
neous masses arising from the kidney. Retroperitoneal lymphadenopathy, 
hepatic metastases, and other intraabdominal involvement with tumor can 
be evaluated with CT. Extending the CT into the chest allows identification 
of pulmonary metastases — the most common site for hematogenous spread. 
Magnetic resonance imaging (MRI) is occasionally employed, particularly 
in cases of venous involvement or when the CT cannot determine defini- 
tively that the tumor arises from the kidney. Other metastatic sites, such as 
bone and brain, are very rare and are evaluated only if signs or symptoms 
of there involvement are evident. In addition to routine blood chemistries, 
patients with Wilms tumor should be screened for coagulopathies as 25% 
will have abnormal clotting (6). 

Staging of Wilms tumor is an important prognostic factor that guides 
adjuvant therapy. Staging is based on radiographic and surgical evaluation. 
The National Wilms Tumor Study/COG staging system is shown in the 
Table 19.1. In the United States most Wilms tumors are treated initially with 
nephrectomy. A transperitoneal approach is employed and abdominal explo- 
ration is undertaken. Historically a complete mobilization and exploration of 
the contralateral kidney was undertaken to rule out bilateral disease. How- 
ever, with modern imaging, this step is no longer necessary (7). Sampling of 
the retroperitoneal lymph nodes remains a critical part of the operation. It has 
been demonstrated that a surgeon’s impression of lymph node involvement 


Table 19.1 


Wilms tumor staging 


Stage I Tumor is limited to the kidney and completely excised 

Stage II Tumor extends through the renal capsule or into the renal sinus 
and is completely excised or previous biopsy 

Stage II Residual local disease including a positive margin, regional 


lymph node involvement, peritoneal tumor implants, 
preoperative tumor rupture or intraoperative tumor spill 

Stage IV Hematogenous metastases or extra-regional lymph node 
involvement 
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is inaccurate (8); failure to perform lymph node sampling has been shown to 
lead to under-staging and under-treatment of some patients (9). The nephrec- 
tomy is performed as a standard radical nephrectomy remaining outside 
Gerota’s fascia and obtaining early control of the renal vessels when possi- 
ble. Ipsilateral adrenalectomy is frequently performed, but if the upper pole 
of the kidney is uninvolved with tumor, and the adrenal can be safely dis- 
sected off of the kidney, then it may be spared. 

While under the NWTS/COG protocols the therapy for most Wilms 
tumors begins with a nephrectomy, preoperative therapy is employed for 
patients with suprahepatic caval tumor thrombus, unresectable tumors, or 
bilateral tumors. For patients with caval tumor thrombus, pre-operative ther- 
apy will lead to thrombus shrinkage in 75% of cases and complete resolu- 
tion in 25% of patients (70). For patients with suprahepatic caval thrombus, 
preoperative treatment allows avoidance of an otherwise necessary median 
sternotomy in 70% of patients. Therefore, the NWTS protocols have recom- 
mended preoperative therapy for these high-level thrombi. Pre-nephrectomy 
treatment is obviously appropriate for unresectable tumors. This determi- 
nation should generally be made intra-operatively as radiographic studies 
may overestimate the extent of local disease. However, if complete tumor 
resection would require significant excision of normal abdominal organs 
such as liver or bowel, then complete excision should be deferred and 
pre-nephrectomy chemotherapy should be administered. The most common 
indication for pre-operative chemotherapy is the presence of bilateral dis- 
ease. The goal in these cases is to maximize nephron-sparing without com- 
promising oncological control. Generally, chemotherapy is given for 4—6 
weeks and then the patient is re-assessed. If there is a good response, then 
chemotherapy may be continued for another 4—6 weeks at which time surgi- 
cal exploration should be undertaken. If the tumors can be excised while 
leaving at least 2/3 of one kidney, then definitive extirpation should be 
undertaken. However, if this is still not possible, then consideration is given 
to simply biopsying the tumor and administering further treatment before 
definitive surgery. Even with this approach, some patients may ultimately 
require bilateral nephrectomies. Patients found to have anaplastic tumor(s) 
on biopsy should undergo earlier more aggressive surgical management. 
This overall approach to bilateral tumors may also be employed in patients 
with a solitary kidney and those at high risk for metachronous contralat- 
eral disease, such as those with hemihypertrophy or other pre-disposing syn- 
dromes. 

Under the SIOP protocols in Europe, virtually all patients receive pre- 
operative chemotherapy. The rationale is that pre-operative chemotherapy 
reduces intra-operative tumor spillage and overall complications (particu- 
larly hemorrhage). It also results in overall lower stage disease at the time 
of surgery, which may mitigate the need for more extensive adjuvant ther- 
apy such as radiation (77, /2). On the other hand, pre-operative chemother- 
apy makes the histopathological evaluation of the tumor more difficult. It 
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may also artificially down-stage tumors leading to an inappropriate decrease 
in the intensity of therapy. Finally, occasional tumors may progress on 
chemotherapy making definitive treatment even more difficult. In the end, 
the overall survival rates in the NWTS and SIOP studies have been compa- 
rable, so either approach is reasonable (/3). 

Most patients in the United States undergo a radical nephrectomy as the 
first step in treatment followed by adjuvant therapy with chemotherapy for 
all patients and radiation therapy for patients with more aggressive tumors. 
Using these protocols, the NWTS has achieved overall survival rates for 
patients with favorable histology tumors ranging from 90% for stage IV 
tumors to 96% for stage I tumors (1, /4, 15). Patients with unfavorable 
histology tumors, particularly of higher stages have not fared as well with 
survivals of 91, 70, 56, and 17% for stages I, II, IH, and IV unfavorable 
histology tumors, respectively (See Table 19.2). 


Table 19.2 
What every urologist should know about Wilms tumor 


1. Inthe United States most patients undergo radical nephrectomy and lymph 
node sampling followed by adjuvant therapy. All patients receive 
chemotherapy and radiation is added for high stage or anaplastic tumors. 

2. Pre-operative chemotherapy is employed in the United States for patients 

with unresectable tumors, patients with suprahepatic caval thrombus, and 

patients with bilateral disease. In Europe all patients receive pre-operative 
chemotherapy. 

The most important prognostic factors are stage and histology. 

4. Most patients with Wilms tumor have an excellent prognosis. 


~~ 


Other Renal Tumors 


Wilms tumor is by far the most common renal tumor of childhood. Other 
malignant tumors affecting the kidney include clear cell sarcoma, malig- 
nant rhabdoid tumor, and renal cell carcinoma. Clear cell sarcoma differs 
from Wilms tumor clinically in its tendency to metastasize to bone. While 
aggressive adjuvant therapy is required for this tumor, recent studies have 
achieved good overall survivals. Malignant rhabdoid tumor continues to 
carry a poor prognosis even with aggressive therapy. Renal cell carcinoma 
occurs rarely in children. While it responds poorly to adjuvant therapy, sur- 
vival in the presence of lymph node metastases is better for children than for 
adults. While clear cell sarcomas and malignant rhabdoid tumors are treated 
with chemotherapy and radiation, the management of renal cell carcinoma 
remains primarily surgical with immunotherapy a consideration for patients 
with metastatic disease. 
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ADRENAL TUMORS 


Neuroblastoma 


Neuroblastoma is the most common extracranial solid tumor of child- 
hood. It arises from neural crest tissues and is composed of sheets of small 
blue cells often with pseudorosettes. Neuroblastoma typically occurs in 
infants and young children — with 75% of patients being younger than 4 
years old (/6). A mature form — ganlioneuroma — occurs in older children. 
Ganglioneuromas consist of ganglion cells, Schwann cells and collagen and 
are benign. They typically arise in the mediastinum and retroperitoneum — 
rarely in the adrenal gland. An intermediate lesion — ganglioneuroblastoma 
— contains features of both tumors and can follow a malignant course. Neur- 
blastomas arise from the adrenal gland in 50% of cases. They can also arise 
from other areas of neural crest tissue, particularly along the sympathetic 
chain in the retroperitoneum. 

Unlike Wilms tumor patients, children with neuroblastoma typically 
appear ill at presentation. They may suffer abdominal pain, weight loss, ane- 
mia, bone pain, or proptosis or periorbital ecchymoses. A palpable abdomi- 
nal mass is often present. Neuroblastoma also has a wider range of common 
metastatic sites than Wilms tumor, including lymph nodes, bone marrow, 
cortical bone, liver, and skin. While CT is often the initial mode of evalu- 
ation, MRI can be particularly helpful in evaluating neuroblastoma due to 
the tumor’s tendency to cross the midline in the retroperitoneum. Compared 
to CT, MRI can better delineate the relationship of the tumor to the great 
vessels and other retroperitoneal structures. The metastatic evaluation con- 
sists of a bone scan, skeletal survey, bone marrow biopsy and aspiration, 
and chest CT. A 24-h urine sample for homovanillic acid (HMA) and vanil- 
lylmandelic acid (VMA) is collected. Ninety to 95% of patients will have 
elevated levels of one or both chemicals in the urine (17). 

Staging for neuroblastoma is less uniform than for Wilms tumor, but 
most systems are based on similar factors. In the International Neuroblas- 
toma Staging System, tumors are generally considered to be stage 1 if there 
is complete gross excision with no lymphatic or hematogenous metastases 
(18). Stage 2 tumors are those with gross residual disease after resection 
and/or positive ipsilateral lymph nodes. Stage 3 tumors are unresectable 
tumors that extend beyond the midline or resectable tumors with positive 
contralateral lymph nodes. Any tumor with distant lymphatic or hematoge- 
nous metastases is designated stage 4. A special case of metastatic disease 
occurs in infants with a locally stage 1 or 2 tumor and metastases limited 
to the ipsilateral lymph nodes, liver, skin, and/or bone marrow. These stage 
4S tumors typically resolve spontaneously without treatment. Aside from 
stage, poor prognostic signs for neuroblastoma include age greater than 1 
year, unfavorable histology, and high amplification of the N-myc oncogene. 

Treatment for neuroblastoma involves some combination of surgical exci- 
sion, chemotherapy, and radiation therapy. To determine treatment, patients 
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are assigned to risk groups based on stage, histology, and the other prog- 
nostic factors. Those with low risk disease (a small percentage of patients) 
may be cured with surgical excision alone. Patients in intermediate and 
high risk groups usually undergo surgical staging, followed by multiagent 
chemotherapy in the hopes of ultimately being able to perform a more com- 
plete resection more safely. Patients in very high risk groups require inten- 
sive therapy and should be considered for more experimental therapies such 
as bone marrow transplantation. Radiation therapy, while unproven, may 
offer some benefit in local tumor control following partial resection of bulky 
tumors. Patients with 4S disease are usually cured with resection alone and 
may even be followed without resection as spontaneous regression is the 
rule. Some may require low dose chemotherapy or radiation to treat hep- 
atomegaly that is compromising respiratory function. A small percentage 
of patients with 4S disease have unfavorable biological markers and may 
require more aggressive therapy. Neuroblastoma is increasingly being diag- 
nosed prenatally. Similar to the 4S tumors diagnosed after birth, many pre- 
natally detected adrenal masses will spontaneously regress (79) and some 
may be followed expectantly. Unfortunately, most patients with neuroblas- 
toma have metastases at the time of diagnosis resulting in a poor overall 
prognosis for this disease (See Table 19.3). 


Table 19.3 
What every urologist should know about neuroblastoma 


1. Children with neuroblastoma typically appear ill at presentation and most 
have metastatic disease. 

2. Most patients with neuroblastoma will undergo staging and chemotherapy 
followed by tumor resection. A minority of patients will present with 
low-stage disease and may be treated with resection alone. 

3. Neuroblastomas presenting prenatally or in infancy with specific metastatic 
disease may regress spontaneously and require no formal therapy. 

4. The outlook for neuroblastoma is often poor, largely due to the high 
incidence of advanced disease at presentation. 


Other Adrenal Tumors of Childhood 


Other adrenal tumors that can be seen in childhood include adrenocor- 
tical carcinoma and pheochromocytoma. Both tend to occur in older chil- 
dren and adolescents. Adrenocortical carcinoma often presents with signs 
related to steroid hormone production such as Cushingoid features or vir- 
ilization. As in adults, treatment is by surgical excision as these tumors 
cannot be cured with adjuvant therapy. The prognosis is somewhat better 
in children than adults, perhaps because the signs, such as virilization, are 
evident sooner leading to earlier diagnosis and treatment. The behavior of 
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pheochromocytomas in children is similar to that in adults. However, some 
studies suggest that malignancy may be rarer in children and multicentricity 
more common. 


TESTICULAR TUMORS 


Historically, pediatric testis tumors were treated in the same way as their 
adult counterparts. However, pediatric tumors are distinct epidemiologi- 
cally, histopathologically, and in their clinical behavior. Epidemiologically, 
there is a bimodal age distribution of testicular tumors with a large peak 
in young adulthood and a second, smaller peak in young children. While 
the vast majority of testis tumors in adults are malignant with mixed germ 
cell tumors and seminomas predominating, many, if not most pediatric testis 
tumors, are benign with teratomas and yolk sac tumors predominating (20). 
These differences have led to a divergence in the management of testis 
tumors in children and adults. 


Presentation and Evaluation 


As in adults, testis tumors in children usually present as a palpable mass. 
Occasionally a reactive hydrocele may be present obscuring the mass on 
palpation. Therefore, any patient presenting with an acute or sub-acute 
hydrocele and an impalpable testis should undergo a scrotal ultrasound. 
An ultrasound is also helpful in distinguishing testicular from extrates- 
ticular lesions. Most extratesticular lesions are cystic and benign (e.g., 
epididymal cysts). However solid extratesticular lesions may represent neo- 
plasms including paratesticular rhabdomyosarcoma. While the ultrasono- 
graphic characteristics of specific testicular tumors have been described, the 
findings are not specific enough to allow a definitive diagnosis on that basis 
alone. Once a testis tumor is confirmed by physical examination or ultra- 
sonography, further radiological examination is usually deferred until after 
the histologic diagnosis is made. However, in cases where the pre-operative 
evaluation suggests a likely malignancy, a CT of the chest, abdomen, and 
pelvis is appropriate to evaluate for metastatic disease. As in adults, the most 
common metastatic sites are the retroperitoneum and lungs. 

As in adults, testis tumor markers play an important role in the evalua- 
tion of pediatric patients. However, mixed germ cell tumors are vanishingly 
rare in prepubertal patients in whom nearly all malignant tumors are pure 
yolk sac tumors. For that reason, alphafetoprotein (AFP) is a helpful marker, 
whereas beta human chorionic gonadotropin (HCG) is not. AFP levels are 
elevated in 80-90% of patients with yolk sac tumor. In evaluating AFP lev- 
els it is important to keep in mind that AFP levels are normally quite high 
in infancy, measuring in the tens of thousands of ng/ml at birth. The level 
drops to several hundred ng/ml by 2 months of age, but does not reliably 
attain “normal” levels until 8-12 months of age (2/). The half-life for AFP 
is approximately 5 days. 
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Surgical Approach 


Historically the initial treatment for a pediatric testis tumor was an 
inguinal orchiectomy. This was based on the fact that the overwhelming 
majority of testis tumors in adults are malignant. However, recent studies 
have shown that a large percentage of prepubertal testis tumors are benign. 
Indeed some studies have shown that the large majority of childhood testis 
tumors are benign. Furthermore, most patients with a malignant tumor will 
have an elevated AFP since nearly all malignant tumors in children are pure 
yolk sac tumors. Therefore, in a child with a testis tumor and a normal AFP 
(keeping in mind the normal elevation of AFP in infants), the overwhelming 
likelihood is that the tumor is benign. There is growing evidence that these 
benign tumors can be safely managed with a testis-sparing approach and that 
testicles undergoing tumor excision grow well following simple tumor exci- 
sion (22). Therefore the initial management of a testis tumor in the face of an 
age-appropriately normal serum AFP is an inguinal exploration with exci- 
sional biopsy. Through an inguinal incision the spermatic cord is controlled 
and softly occluded near the internal ring. The testis is then dissected and 
delivered into the inguinal incision within the tunica vaginalis. The testis is 
draped off and the tunica vaginalis is opened. The tumor is excised and sent 
for frozen section. If a benign tumor is confirmed, then the testis is closed 
with absorbable sutures and returned to the scrotum. If the biopsy demon- 
strates a malignancy or is equivocal, then an inguinal orchiectomy with high 
ligation of the spermatic cord should be performed. In assessing the frozen 
section it should be kept in mind that prepubertal teratomas are universally 
benign. In patients with a clearly elevated AFP for age, and in post-pubertal 
patients, an inguinal orchiectomy is appropriate. Once the tumor is excised, 
further evaluation and treatment will depend on the histology of the tumor. 


Adjuvant Therapy 
GERM CELL TUMORS 


Teratoma is probably the most common prepubertal testis tumor and is 
universally benign in these patients. If the final pathology confirms a ter- 
atoma in a prepubertal testis, then no further evaluation or treatment is nec- 
essary. Long-term follow-up of the remnant testis is reasonable to assess for 
growth at puberty. Epidermoid cysts are also benign and require no further 
treatment. 

Yolk sac tumor represents the most common malignant testis tumor in 
children. Patients with yolk sac tumor should undergo a metastatic evalu- 
ation consisting of a CT scan of the chest, abdomen, and pelvis and serial 
serum AFP measurements. Patients with a negative radiographic evaluation 
and an appropriate decline in serum AFP levels following orchiectomy have 
stage 1 disease. Roughly 80% of patients will have stage 1 disease and may 
be managed with observation including periodic physical examination, CT 
scan and chest X-ray. Several large multicenter trials have demonstrated a 
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recurrence rate of approximately 15% for these patients, all of whom can 
be salvaged with 3—4 cycles of platinum-based multiagent chemotherapy 
(23-28). For the 20% of prepubertal yolk sac tumor patients who present 
with metastatic disease or a persistent elevation of serum AFP levels, multi- 
agent platinum-based chemotherapy will cure 98%. Radiation therapy plays 
virtually no role in the management of these patients. 

The role of retroperitoneal lymph node dissection (RPLND) is limited 
in children with yolk sac tumor. Most patients will have stage 1 disease. 
And, in contrast to adults, only a minority of those with metastatic dis- 
ease will have metastases limited to the retroperitoneum (29). Furthermore, 
since stage | patients who recur on observation can be cured with the same 
chemotherapy regimen used for those presenting with metastatic disease, 
staging RPLND is of no practical value. Retroperitoneal surgery is indicated 
for staging in patients with equivocal nodes and normal tumor markers, and 
for those patients who, following treatment, have a residual retroperitoneal 
mass in the face of a normal AFP level. These are both rare circumstances. 

Unlike prepubertal boys, adolescents typically have the same range of 
germ cell tumors as adults with embryonal and mixed germ cell tumors 
predominating. While there is limited data regarding the best management 
for adolescents, it seems reasonable to apply the same strategies as adults, 
employing observation, RPLND and/or chemotherapy depending on the spe- 
cific histology and stage of disease. While teratomas are virtually always 
benign in prepubertal patients, they can be malignant in adults. Therefore, 
adolescents with teratoma should undergo an inguinal orchiectomy with 
appropriate metastatic evaluation and follow-up. 


STROMAL TUMORS 


Stromal tumors are rare in children and their behavior differs somewhat 
from that of their adult counterparts (30). Leydig cell tumors and juve- 
nile granulosa cell tumors are universally benign in children and require 
no metastatic evaluation or adjuvant therapy. While approximately 10% of 
adult Sertoli cell tumors are malignant, malignancy is rare in older chil- 
dren and unreported in children under 5 years of age. Metastatic evaluation 
should be considered in older children and is probably prudent in infants and 
young children if worrisome histologic features are present such as cellular 
atypia or increased mitotic activity. Large cell calcifying Sertoli cell tumors 
are clinically and histologically distinct from standard Sertoli cell tumors. 
They are universally benign in children and require no metastatic evaluation. 
However, they are commonly associated with Carney’s syndrome and Peutz- 
Jeghers syndrome. Children with large cell calcifying Sertoli cell tumors and 
their first-degree relatives should be evaluated for the stigmata of these syn- 
dromes. Some stromal tumors present with a mixed or undifferentiated his- 
tology. Most of these are benign, but there have been reports of metastatic 
disease in some, particularly in the presence of local invasion or malignant 
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histological characteristics. When malignant, these tumors can be partic- 
ularly aggressive and combination treatment with RPLND, chemotherapy, 
and radiation may be required. 


GONADOBLASTOMA 


Gonadoblastomas contain both germ cell and stromal elements. They 
occur almost exclusively in dysgenetic gonads in patients with at least 
some Y chromatin in their karyotype. Gonadoblastomas occur in 3% of 
patients with true hermaphroditism and 10-30% of patients with mixed 
gonadal dysgenesis or pure gonadal dysgenesis and a 46 XY karyotype (31, 
32). They also occur commonly in the dysgenetic testis syndrome. While 
gonadoblastomas are benign, they can undergo malignant degeneration 
into seminoma/dysgerminoma. Gonadoblastomas are treated by orchiec- 
tomy. Indeed, any patient with a dysgenetic gonad and Y chromatin in 
his/her karyotype should undergo prophylactic gonadectomy in young child- 
hood before malignant degeneration occurs. When malignant elements are 
present, a metastatic evaluation should be undertaken. These tumors are usu- 
ally radiosensitive and, even in the face of metastatic disease, the prognosis 
is reasonably favorable (See Table 19.4). 


Table 19.4 
What every urologist should know about prepubertal testis tumors 


1. A majority are benign, including teratoma. 

2. Serum AFP is “elevated” in normal infants. 

3. Except in children over | year old with an elevated AFP, the operation should 
start with an excisional biopsy if feasible. 

4. Most patients are observed, and those with metastases are treated with 
chemotherapy and do well 


RHABODOMYOSARCOMA 


Rhabdomyosarcomas are soft tissue tumors arising from smooth muscle 
made up of small blue tumor cells. They occur in three primary histologi- 
cal patterns — embryonal, alveolar, and undifferentiated or anaplastic. The 
embryonal histology, the most common histology of genitourinary tumors, 
may manifest itself as a solid tumor or in a botryoid form. 

Rhabdomyosarcomas occur throughout the body. Approximately 20% 
involve the genitourinary tract including the vagina, uterus, bladder, prostate, 
and paratesticular locations (33). The age distribution of these tumors is 
bimodal with a peak in the first 2 years of life and a smaller peak during ado- 
lescence (34). Prognosis is based on stage, histology, location of the tumor, 
and patient age. The botryoid form has a better prognosis than the embryonal 
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form. The alveolar tumors are the least favorable. Vaginal and paratesticular 
tumors have a generally better outlook than those occurring in the bladder 
and prostate. Infants less than 1 year old and children over 10 years of age 
fare less well than children between those ages (35). Evaluation of the pri- 
mary tumor and metastases includes a chest X-ray, chest CT, CT or MRI of 
the primary site, bone scan, and bone marrow biopsy and/or aspiration. 


Vaginal/Uterine Rhabdomyosarcoma 


Vaginal rhadomysarcomas may be cured with chemotherapy alone. A 
biopsy is usually obtained which may be performed endoscopically for 
tumors high in the vaginal vault. Cystoscopy is also performed to rule out 
bladder invasion through the vaginovesical septum. Patients are then treated 
with multiagent chemotherapy. Re-evaluation is then undertaken with re- 
biopsy of any suspicious areas. Persistent disease, which occurs in a minor- 
ity of patients, may be treated with radiation therapy or resection by partial 
vaginectomy or, rarely, vaginohysterectomy. Management of uterine rhab- 
domyosarcoma is similar to that for vaginal tumors. The initial biopsy can 
usually be made through dilation and curettage. 


Bladder/Prostate Rhabdomyosarcoma 


Bladder and prostate rhabdomyosarcomas may present with an abdominal 
mass, hematuria, or obstructive voiding symptoms. A digital rectal exam is 
important in the evaluation of any child presenting with urinary hesitancy, a 
decreased stream, or urinary retention. Historically the management of these 
tumors has included aggressive surgical resection with urinary diversion. In 
recent decades, efforts have been made to employ multimodal approaches 
with a strategy of bladder and prostate salvage. However, enthusiasm for 
this approach must be tempered by an increased risk of tumor recurrence 
and the possibility that a “salvaged” bladder may ultimately fail due to sec- 
ondary effects of treatment, particularly radiation. Nonetheless, the initial 
surgical management for these tumors is a biopsy except in rare instances 
where tumor size and location are amenable to a partial cystectomy. The 
biopsy may be obtained endoscopically or in an open fashion. While percu- 
taneous biopsies should be avoided when possible, for some prostatic tumors 
that cannot be approached endoscopically, a transrectal approach may be 
employed. 

Once the diagnosis is confirmed and a metastatic evaluation completed 
patients are treated with multiagent chemotherapy. Following neoadjuvant 
therapy, definitive surgical intervention is undertaken. In many cases a 
partial cystectomy or a prostatectomy may be performed. However, some 
patients still require a formal cystoprostatectomy with urinary diversion. 
Patients then receive additional chemotherapy and, if margins are positive, 
radiation therapy as well. 
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With the modern emphasis on bladder salvage, 60% of patients in Inter- 
national Rhabdomyosarcoma Study (IRS)-HI were alive with a functional 
intact bladder compared to only 20-25% of patients in IRS-I and IRS-II (36). 
However, there is little long-term data and deterioration in bladder function 
due to radiation can occurs years or decades following therapy. Indeed, in 
IRS-IV where there was longer follow-up and stricter criteria for “normal 
bladder function,” only about 40% of patients were long-term survivors with 
a normal bladder (37). Of those patients undergoing partial cystectomy in 
IRS-IV as either initial therapy or following neo-adjuvant therapy, 12% died 
of disease, 6% developed secondary malignancies, 10% ultimately required 
a urinary diversion, and 16% have significant bladder dysfunction. There- 
fore, patients with retained bladders who undergo radiation therapy require 
life-long follow-up of bladder function. Consideration may also be given to 
excluding radiation therapy for select patients with favorable disease to pre- 
vent long-term bladder deterioration. The overall 4-year survival for pelvic 
rhabdomyosarcoma in IRS-II exceeded 85% (36). 


Paratesticular Rhabdomyosarcoma 


Paratesticular rhabdomyosarcomas usually present with an enlarging 
painless scrotal mass. By the time of presentation distinction from a pri- 
mary testis tumor is usually not possible on physical exam, but can be seen 
with ultrasound. Some patients will present earlier with a palpable scrotal 
mass separate from the testis. While most extratesticular masses are benign, 
a solid extratesticular mass should be excised because of the risk of malig- 
nancy. This is particularly true if the mass is growing. 

The initial management for paratesticular rhabdomyosarcomas is an 
inguinal orchiectomy. Trans-scrotal biopsies of solid scrotal masses should 
be avoided due to the risk of seeding of the incision if the mass is indeed a 
rhabdomyosarcoma. The orchiectomy should be performed just as for a tes- 
ticular malignancy with early control of the spermatic vessels, mobilization 
of the testis outside of the tunica vaginalis, and orchiecomy en bloc with 
the spermatic cord ligated high in the inguinal canal. A permanent suture 
should be used to ligate the cord so that it may be identified if an RPLND is 
required. 

The metastatic evaluation for paratesticular rhabdomyosarcoma includes 
a CT of the chest abdomen and pelvis. A majority of patients will have stage1 
disease (38). The most common sites of metastases are the retroperitoneum 
and lungs. Patients with retroperitoneal metastases should undergo a modi- 
fied unilateral nerve-sparing RPLND. Patients over 10 years of age without 
evidence of retroperitoneal disease should also undergo a staging RPLND. 
Younger children with a normal abdominal CT may be treated without 
an RPLND. Generally, patients with stage 1 disease receive multiagent 
chemotherapy. Abdominal radiation is added for those with retroperitoneal 
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1. 


Table 19.5 


What every urologist should know about genitourinary rhabdomyosarcoma 


Vaginal rhabdomyosarcomas are treated with a biopsy or limited resection 
followed by chemotherapy. A minority will ultimately require aggressive 
surgical resection. 

Rhabodmyosarcomas of the bladder/prostate are usually managed with a 
biopsy followed by chemotherapy with/without radiation, and then definitive 
resection. Approximately half of patients will have an intact, functioning 
bladder at follow-up. 

Paratesticular rhabdomyosarcomas are treated with inguinal orchiectomy 
followed by chemotherapy. Abdominal radiation is added for patients with 
retroperitoneal lymph node involvement. Clinical stage | patients over 

10 years of age should undergo a staging RPLND. 


involvement, even if an RPLND was performed. Overall survival rates 
for paratesticular rhabdomyosarcoma are approximately 90% (38) (See 
Table 19.5). 


12. 
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2 0 Genitourinary Trauma 


P D. Metcalfe and Mark P Cain 


Abstract Pediatric genitourinary trauma is uncommon but harbors several important 
differences when compared to adult trauma. Although the fundamental principles 
apply for renal trauma, the urologist must appreciate the different clinical responses 
to trauma in children with respect to hemodynamic stability, presence of hematuria, 
and the increased likelihood of underlying congenital anomalies. Additionally, urol- 
ogists must be aware that a severe pelvic injury may involve the bladder neck, with 
the potential for very poor outcomes and that early evaluation and surgical inter- 
vention may be required. Genital injuries in a child must always be concerning for 
abuse. The vast majority of pediatric genitourinary trauma is expected to have excel- 
lent long-term outcomes, and due diligence to its nuances will ensure that these 
children recover to their maximum potential. 


Keywords Pediatric genitourinary trauma - Management of renal injury - Imaging 
for urinary trauma in children 


INTRODUCTION 


Pediatric genitourinary trauma is uncommon, but can account for sub- 
stantial morbidity and mortality. The pediatric trauma patient differs from 
the adult with respect to both the diagnosis and treatment, and these nuances 
are emphasized here. Furthermore, with such an emphasis on conservative 
treatment in these patients, great care must be taken to understand the varied 
presentation, diagnosis, and treatment to ensure the best possible outcomes. 


EPIDEMIOLOGY 


Approximately 90% of genitourinary injuries are due to blunt trauma, and 
the majority of these arise from motor vehicle accidents, with only a small 
minority from recreational activities (7). Itis uncommon for these injuries to 
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occur in isolation, and retroperitoneal injuries can be associated with other 
life-threatening conditions (2). As per many areas in pediatric surgery, dif- 
ferences do occur when compared to adults, primarily with respect to hemo- 
dynamic stability and the consideration of congenital anomalies. 

The majority of pediatric urologic injuries occur in the kidney, but the 
vast majority of these are managed conservatively (2). Penetrating injuries 
have a very high incidence of surgical management, and also have a high 
rate of collateral injuries (3). 


RENAL INJURIES 


The three major differences when dealing with pediatric renal injuries, 
in comparison to adults, involve the patient’s tolerance of blood loss, the 
increased incidence of congenital anomalies, and the lower incidence of 
hematuria even with significant renal injury (2, 4—6). Historically, it was 
believed that pediatric kidneys were more susceptible to traumatic injury 
than their adult counterparts. This was felt to be due to the lower position 
and increased mobility of the pediatric kidney within the retroperitoneum, 
increased elasticity of the rib cage, and weaker abdominal musculature. 
However, this has been difficult to demonstrate statistically (4). 


Hemodynamic Stability 


Quinlan and Gearhart first described the hemodynamic differences 
between adults and children following urologic trauma (5). It is a widely 
held belief that children are much more capable of maintaining a normal 
blood pressure in the face of significant blood loss. This has two main impli- 
cations, namely that any treating physician must not rely on blood pressure 
as a means of triage, and also be wary of an increased heart rate in the setting 
of severe trauma. Secondly, the treatment algorithm applied to adults is pri- 
marily dependent upon blood pressure, and that may not be appropriate for 
the pediatric population. Santucci, with the Renal Trauma Subcommittee, 
addressed this issue with a comparison of pediatric and adult renal trauma 
and recommended that indications for imaging should not be different (7). 


Congenital Anomalies 


In the pediatric population, congenital anomalies are seen much more 
frequently in the setting of trauma. Preexisting renal anomalies are seen 
approximately 3-5 times more frequently than in the adult population 
(4, 7-9). This is thought to be due to an increased susceptibility to hema- 
turia in the presence of a ureteropelvic junction (UPJ), hydronephrosis, or 
pelvic location of the kidney (/0). However, reviews by both Chopra and 
McAleer concluded that despite this, these injuries are most likely to be 
minor contusions and respond well to conservative treatment (4, 8). 
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Hematuria 


Finally, the incidence of hematuria is much less frequent in the pediatric 
patient, and this has significant implications with respect to screening (2, 6). 
Studies have demonstrated that in renal injuries grade 2 and higher, up to 
70% may not be associated with hematuria. These factors must be under- 
stood and applied to the pediatric patient as they may directly affect care 
and outcomes. Most importantly, in the pediatric patient, this dictates that the 
absence of hematuria does not exclude renal trauma, and subsequent imag- 
ing cannot be excluded based solely on the presence/absence of hematuria. 


EVALUATION AND IMAGING 


First and foremost, as with any trauma assessment, is an immediate triage 
including an assessment of airway, breathing, circulation, and neurologic 
disability. Rarely will any genitourinary trauma occur in isolation, and there- 
fore any treating urologist must have a low threshold for involving the entire 
trauma team. Rapid resuscitation must occur, with large bore intravenous 
catheters and large volumes of isotonic crystalloid solutions. 

The most importing staging parameter for renal trauma is the hemody- 
namic stability of the patient. Most patients will present with normal blood 
pressure and heart rate, and therefore are stable enough to undergo thor- 
ough history, including the mechanism of injury and physical examina- 
tion (71, 12). Children in whom shock is not immediately apparent require 
intense observation with regular monitoring of vital signs to ensure the 
patient does not suddenly decompensate (/3). Initial investigations include 
a screening urine dipstick, complete blood count, crossmatch for poten- 
tial blood transfusions, and radiographic imaging. However, in cases of 
hemodynamic instability, no time is wasted en route to definitive surgical 
intervention. 

Despite the widespread use of indications for imaging in adults, it was not 
until very recently that Santucci et al. determined that these same criteria can 
be used in children (7). Indications for imaging include the following: 


(1) Any intrabdominal penetrating trauma 

(2) Any blunt trauma with a high probability of organ injury, i.e., significant 
deceleration or high velocity injury (motor vehicle, or pedestrian/bicycle 
versus motor vehicle accident), fall from >15 feet, or significant blow to 
abdomen or flank (e.g., bat, helmet) 

(3) Trauma that has resulted in an associated injury with a high probability of 
involving the genitourinary system, as seen with a fracture of the thoracic 
ribs, spine, pelvis, or femur and bruising of the torso/perineum, or signs of 
peritonitis. 

(4) Gross hematuria 

(5) Microscopic hematuria (<50 red blood cells per high powered field) associ- 
ated with shock (systolic blood pressure <90 mm Hg) 
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RADIOGRAPHIC IMAGING 
CT Scan 


CT scanning is the imaging modality of choice, as it allows for a com- 
prehensive assessment of almost any organ system (7, /4). The renal pro- 
tocol consists of a non-enhanced, enhanced, and delayed phases, as this 
demonstrates renal vasculature, parenchyma, and collecting system (/5—/7). 
Helical and multidetector CT scanners offer significant advantages over con- 
ventional technique, as they offer thinner cuts and faster imaging speeds 
(18). The initial, arterial phase, occurs approximately 75 s after intravenous 
injection, which allows for the detection of arterial bleeding. Scans obtained 
during the urographic phase allow detection of injuries to the collecting 
system, and subtle parenchymal injuries. Delayed images (10-15 min after 
injection) are required to detect urinary contrast extravasation (/8). 

The most important advantage to CT is the prognostic value. The 
American Association for the Surgery of Trauma developed a grading scale 
which has been based on the depth of renal parenchymal injury, involvement 
of the collecting system, and injury to the vessels (/9). The scale has been 
shown to correlate with the need for kidney repair or removal (/7). 


Grade 1 

Hematuria with normal imaging studies. 
Contusions. 

Non-expanding subcapsular hematomas. 


Grade 2 

Non-expanding perinephric hematomas confined to the retroperitoneum. 

Superficial cortical lacerations less than | cm in depth without collecting system 
injury. 

Grade 3 

Renal lacerations greater than 1 cm in depth that do not involve the collecting 
system. 


Grade 4 

Renal lacerations extending through the kidney into the collecting system. 
Injuries involving the main renal artery or vein with contained hemorrhage. 
Segmental infarctions without associated lacerations. 

Grade 5 

Shattered or devascularized kidney. 

UPJ avulsions. 

Complete laceration or thrombosis of the main renal artery or vein. 


Ultrasound 


The use of ultrasound in trauma remains controversial, especially with 
respect to renal and retroperitoneal injuries. It has been reported to detect 
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as few as 22% of renal injuries (20). However, it remains popular due to its 
effectiveness for a focused abdominal sonography for trauma (FAST). The 
images may show a parenchymal laceration, increased cortical echogenicity, 
or perinephric fluid. Doppler imaging can be a useful tool to demonstrate a 
renal artery occlusion (20). 


Ivp 


If hemodynamic instability precludes a thorough evaluation, a single shot 
IVP is performed on the operating room table 15 min after injecting 2 mg/kg 
of intravenous contrast to evaluate the function of the contralateral kidney 
(16). However, the patient’s perfusion status may result in very poor quality 
images that may make definitive decisions difficult. 


Retrograde Pyelogram 


A retrograde pyelogram (RPG) can be very useful to determine if a com- 
plete UPJ disruption has occurred or in the case of an unresolving urinoma to 
determine if a retrograde stent will be useful. However, this is typically per- 
formed several days after the trauma, and not part of the initial management. 


MANAGEMENT OF RENAL TRAUMA 


The initial, fundamental determinant of treatment depends upon the 
hemodynamic stability of the patient. Once this status has been confirmed 
and initial resuscitation has begun, the staging on CT scan provides an excel- 
lent basis for further evaluation and management. As with most trauma 
literature, most of the literature has been reported on adults, but the same 
principles are applied to children (//, 14, 21—23). 

All hemodynamically stable grade 1-3 injuries are managed conser- 
vatively, with excellent long-term outcomes (2, 23-25). Grade 1 injuries 
account for about 80% of renal injuries, and in the absence of gross hema- 
turia, the patient can be discharged the same day. Gross hematuria or grades 
2-3 are admitted for at least 24 h, due to the concern of secondary bleed- 
ing. Once the gross hematuria has resolved, the child can be discharged. 
Fever is common and is likely due to the presence of a hematoma, and is 
unlikely due to an infectious cause. The child must avoid strenuous activity 
until imaging has documented complete healing (2, 24). Once this has been 
documented, no further imaging is required, but the child must be followed 
annually through adulthood for hypertension (/3). 

Grade 4 and 5 injuries are much more likely to be associated with sig- 
nificant blood loss, hypotension, and other organ injuries; and therefore a 
much higher likelihood of operative intervention (2, 22-24). Hemodynamic 
instability or significant penetrating injury mandates immediate surgical 
exploration. The contralateral kidney is assessed via intraoperative IVP if 
not staged accurately prior to surgery (/6). Renal artery occlusion is more 
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common in pediatrics, as the increased mobility of the kidney results in 
sudden traction on the artery, an intimal tear, thrombosis, and occlusion. 

The stable patient is admitted for bed rest and close observation, prefer- 
ably in an intensive care setting. They are followed with serial bloodwork, as 
well as regular and frequent vital signs. Many authors advocate antibiotics 
if the patient has documented urinary extravasation, although definitive data 
demonstrating efficacy is lacking (26). Repeat renal imaging is required if 
there is any deterioration in the clinical scenario or as routine protocol at 
48 h (15). After 48 h, without deterioration and follow-up CT scan to con- 
firm stability of the hematoma or urinoma, CT confirmation of stability, the 
child can be transferred to the pediatric surgical ward where they remain on 
bed rest. 

With the development of hypotension unresponsive to vigorous intra- 
venous fluids or the requirement for more than 3 units of packed red blood 
cells, more aggressive intervention must be considered. 


SURGICAL MANAGEMENT OF RENAL TRAUMA 


Laparotomy 


The hemodynamically unstable patient should undergo immediate 
surgery. Other indications for open surgical exploration include: a grade 
3 injury undergoing laparotomy for other intraabdominal injury and/or 
expanding hematoma. In this scenario, expert opinion is that the kidney 
should be formally explored, repaired when possible, with drains and inter- 
posed omentum used to prevent the possibility of a fistula (7). 

The standard incision is a midline, as this gives the best access to the 
major vessels. Vascular control is obtained before opening Gerota’s fascia 
due to its tamponading effect and the potential for uncontrollable bleeding. 

Renal repair and salvage requires complete mobilization and visualization 
of the kidney. All non-viable tissue is debrided and bleeding arterial vessels 
oversewn. Parenchymal defects can be closed primarily or with the interpo- 
sition of Gelfoam, Surgicel, omentum, or perirenal fat. Collecting system 
injuries are only closed primarily if a tension free, watertight, closure is pos- 
sible with well-vascularized tissue. If this is not possible double J stent or 
nephrostomy tube and drains are placed with perirenal drains also present to 
prevent gastrointestinal fistulas (2, 9, 10, 7). 

Nephrectomy may be necessary if the bleeding cannot otherwise be con- 
trolled, the damage is deemed irreparable, or to minimize operative time in 
the hypothermic, coagulopathic or multiple organ injured patient (7, 9). 


Endoscopic and Radiologic Intervention 


Occasionally, a patient initially managed with observation will not 
respond to conservative management, but is not in an immediately life- 
threatening situation. The slow, but persistent drop in hemoglobin and the 
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expanding, symptomatic urinoma are two examples. In this situation, open 
surgical exploration carries a very high risk of significant blood loss and 
nephrectomy (27-29). 

Renal angiography and angioembolization can be very useful for a slow, 
persistent bleed or a delayed bleed secondary to an acquired arteriovenous 
fistula (AVF) or pseudoaneurysm (7, 30-34). This has been reported to have 
an 80% success rate at stopping any persistent bleeding, with treatment fail- 
ure necessitating open surgical intervention. 

Urinary extravasation is the most common complication of renal trauma 
(35), but only persists beyond a few days in 13-26% of patients (22, 35, 
36). Although most are asymptomatic and diagnosed on follow-up imag- 
ing, the urinoma may be responsible for persistent pain, fever, or ileus (26). 
Many authors advocate varying combinations and timing of either retrograde 
stents, percutaneous drainage of the urinoma, or percutaneous nephrostomy 
tubes. There is not a proven gold standard, and therefore, care must be 
individualized. 

Persistent urinary extravasation may be due to a necrotic polar parenchy- 
mal injury, which may require open surgical exploration and resection. 


UPJ DISRUPTION 


The complete disruption of the UPJ is a rare complication that follows 
a significant trauma, usually a rapid deceleration with associated injuries 
severe enough to mandate immediate laparotomy (37). Therefore, the patient 
is not fully evaluated prior to surgery, and the diagnosis is often delayed. 
Clinical suspicion arises from fever, flank pain, ileus, sepsis, or elevated 
creatinine. Diagnosis is delayed greater than 3 days in 50% of patients. 
Pathognomonic findings on triphasic CT include the following: (/) prompt 
function of the ipsilateral kidney; (2) no parenchymal injury but significant 
urinoma (often medial to the kidney); (3) non-visualization if the ureter on 
the delayed images (4, 8). 

Primary repair can be attempted if the injury has been discovered within 
5 days. If not possible, urinary drainage with nephrostomy tube is prefer- 
able, until secondary repair can be performed 6-8 weeks after the injury. 
Pre-operative work-up requires DMSA to determine renal function, and 
antegrade and retrograde pyelograms to determine the length of the defect. 
Repair may require the surgeon’s entire reconstructive armamentarium, with 
renal mobilization and primary re-anastomosis, ureteroureterostomy, urete- 
rocalycostomy, ileal ureter, or autotransplant (37). 


LONG-TERM COMPLICATIONS OF RENAL TRAUMA 


Hypertension has been reported to occur in an average of 5% of sig- 
nificant renal injuries (38), but many series do not report any incidence 
(26). The fundamental pathophysiology involves segmental renal ischemia, 
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but this can be due to a Page kidney, a pseudoaneurysm, or renal artery 
stenosis. The incidence has been reported to not differ between surgically 
and conservatively managed patients (39). Transient hypertension can occur 
up to 50 days after injury, with spontaneous resolution. Chronic hyperten- 
sion has been reported to occur as late as 32 years after renal injury (38, 
40, 41). A very high incidence is seen after renal artery occlusion, up to 
50% in several series (42, 43). Segmental scarring is an uncommon cause 
of hypertension, but is readily treated with partial nephrectomy (44). Hyper- 
tension secondary to a small non-functioning kidney is cured with nephrec- 
tomy (38). 

Delayed hematuria can be seen 6—8 weeks after the injury, and is likely 
due to a pseudoaneurysm or AVM. Diagnosis is confirmed with CT or MR 
angiography. DMSA scan is very useful to determine post-traumatic scarring 
or to confirm non-function after arterial occlusion. Super selective angio- 
graphic embolization is an effective treatment for both pseudoaneurysm 
and AVM. 


URETERAL INJURY 


A traumatic ureteric injury is a rare event, accounting for less than 1% of 
all genitourinary injuries, and is often associated with other life-threatening 
injuries (45, 46). These are even rarer in children, as they are usually sec- 
ondary to gunshot and stab wounds. 

Most of these injuries are discovered at laparotomy, mandated by the 
severe penetrating injury (47). However, many are missed, which results in 
significantly worse outcomes. An injured ureter secondary to blunt abdom- 
inal trauma often results in a delayed diagnosis, as hematuria occurs in less 
than 1/3 of patients, and standard imaging is associated with a high false- 
negative rate (47). 

In the case of the immediate diagnosis, treatment depends on location 
and severity of the injury, with the majority undergoing primary repair with 
stenting (46, 47). A delay up to 5 days can still be successfully repaired with 
an open anastomosis. However, most patients with a more delayed diagnosis, 
in a University of Pennsylvania series, were managed with a percutaneous 
nephrostomy tube or endoscopic placement of stents (47, 48). 

Older series have shown very poor outcomes with delayed primary repair, 
with a nearly 50% nephrectomy rate (49). 

Iatrogenic ureteric injuries are much less common in the pediatric pop- 
ulation, but have been seen following large retroperitoneal resections, 
laparoscopic appendectomy, and laparoscopic orchiopexy (/0). It has been 
reported that ureteric injury or avulsion occurs in less than 2% of pediatric 
ureteroscopies (50-52). These are usually very readily recognized and man- 
agement of small perforations is very successful with an internal stent, while 
an avulsion will likely require an open repair with specifics determined by 
the location and extent of the injury (50-52). 
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BLADDER INJURIES 


Bladder injuries are more common with blunt trauma, and are asso- 
ciated with pelvic fracture and significant abdominal injuries. The sever- 
ity of the co morbid injuries is belied by the overall 20% mortality rate. 
Clinical suspicion is elevated whenever a pelvic fracture is encountered, and 
imaging is mandated when associated with gross hematuria or an inability 
to void. A perineal hematoma is also considered a relative indication for 
imaging. 

Children are at a much higher risk of bladder injury after blunt trauma 
due to the tendency of a full bladder to be outside of the pelvis. Furthermore, 
pediatric patients are also more likely to suffer an injury across their bladder 
neck (53, 54). This is an important injury to look for, as the simple placement 
of a suprapubic tube will not prevent a urinoma or osteomyelitis (54). 


Rupture of a Bladder Augmentation 


An often underappreciated, but potentially life-threatening, risk for blad- 
der rupture is the presence of a bladder augmentation (55). Even the most 
minor injury (e.g., sledding, jumping on a trampoline, or minor contact 
during sports) can result in an anastomotic rupture and peritonitis (56). It 
cannot be emphasized strongly enough that patients with a bladder augmen- 
tation must be thoroughly evaluated with the smallest suspicion of rupture. 
Especially given that the majority of augmentations occur in the neurolog- 
ically impaired, presentation and diagnosis can be delayed until the patient 
is septic and further delay in diagnosis can result in a significant risk of 
mortality (55, 56). A significant leak, as seen on CT cystogram, or an 
unstable patient mandates immediate laparotomy, irrigation of the abdom- 
inal cavity, primary closure, and liberal use of peritoneal and intravesical 
drains (56). Neurosurgical consultation and consideration of externalizing 
the ventriculo-peritoneal shunt should be considered. Smaller leaks in the 
stable patient can be managed with percutaneous drainage of the urinoma 
and large bore catheter drainage of the augmentation (55, 56). 


IMAGING 


Diagnosis requires a cystogram, either with conventional flouroscopy or 
CT, as CT with intravenous contrast is unlikely to distend the bladder suffi- 
ciently, even with occlusion of the foley catheter (57). However, a standard 
cystogram is less sensitive than CT, as the AP views will not detect a small 
posterior leak. In children it is important to ensure that the bladder is filled 
to a minimum of Y, expected capacity, as determined by age + 2 in ounces 
(x30 for cc) to a maximum of 300 cc (10). 
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TREATMENT 


Once a bladder rupture has been diagnosed, it is important to differen- 
tiate between intra- and extraperitoneal ruptures. Extraperitoneal ruptures 
are twice as common, and may be managed with Foley catheter drainage, 
except the aforementioned bladder neck injuries, presence or suspicion of 
bony fragments within the laceration, or if management of the pelvic injury 
requires orthopedic hardware. The surgeon must remain wary of intraoper- 
ative complications, as dislodgment of the adjacent pelvic hematoma can 
result in significant bleeding. The catheter must be of sufficient bore to 
accommodate the expected bleeding and clots, and if this cannot be achieved 
via the urethra, a suprapubic catheter is recommended (58). After 7—10 days, 
cystogram is repeated to confirm healing and the catheter can be removed 
in the absence of extravasation. Antibiotics are required for the duration of 
catheterization and for 48 h after removal (/0). 

Intraperitoneal ruptures are usually much larger and require laparotomy 
and primary repair. It is very important to completely inspect the bladder 
and bladder neck to look for further lacerations and to ensure no herniation 
of intraperitoneal contents. Larger bore urethral or suprapubic catheters are 
placed as well as a perivesical drain. 

Lacerations of the bladder neck require an intravesical repair in multiple 
layers. These can be devastating injuries, fraught with long-term complica- 
tions. The ultimate management may require bladder neck closure to regain 
continence. The surgeon must also be aware of the high rate of associated 
anterior urethral injuries, mandating a urethrogram or urethroscopy (54). 


URETHRAL INJURY 


The immature boney pelvis and more intra-abdominal location of the 
bladder result in significant differences with respect to traumatic urethral 
injuries when pediatric patients are compared to adults. There are four 
unique aspects to pediatric urethral injuries that must be considered in all 
children with pelvic trauma (10, 53, 54, 59, 60): 


(1) The associated pelvic fracture is more likely to be unstable and the prostatic 
urethra is likely to be severely dissociated or displaced. 

(2) The higher risk of prostatic urethral displacement results in a much greater 
likelihood of a complete urethral disruption, compared to adult males. 

(3) Concurrent bladder and bladder neck injuries occur in up to 20% of patients. 

(4) Pre-pubertal females with pelvic fractures are approximately four times 
more likely to have urethral injuries. 


For the male patient, this results in a much longer urethral defect for 
reconstruction, increasing the risks of erectile dysfunction and incontinence 
(10, 53, 54, 59). In females, the risk of near total urethral loss is higher, 
necessitating closure of the bladder neck in some patients (60, 6/). 
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DIAGNOSIS 


The diagnosis of pelvic trauma should immediately result in the suspicion 
of a urethral injury, with a low threshold for investigation. Urethral injuries 
may also result from penile, vaginal, or perineal trauma. Unfortunately, 
many injuries are iatrogenic, often due to the inflation of a Foley catheter 
balloon in the urethra. Absolute indications for investigation include 


(1) blood at meatus combined with a perineal hematoma and the inability 
to void 

(2) symphyseal diastasis or multiple fractures of the pubic rami 

(3) radiolographic suggestion of a bladder neck injury. 


The gold standard diagnostic tool in males is the retrograde urethrogram 
(RUG). Female injuries are often readily identified on CT, but a definitive 
diagnosis requires cystoscopy and vaginoscopy under general anesthesia 
(53, 54, 60). 

Concomitant rectal injury occurs in approximately 15% of males under 
the age of 16 with urethral injuries. Digital rectal exam must be performed, 
and the presence of blood in the stool should prompt further evaluation with 
proctoscopy and possibly diverting colostomy (/0). 


MANAGEMENT 


The management of urethral injuries is complex and should be undertaken 
by those with significant experience. The injuries in males are classified as 
either anterior or posterior. Posterior repairs can be further classified as early, 
delayed, or late repair. Universal principles of immediate treatment include 
the use of broad-spectrum antibiotics, assessment of the competence of the 
bladder neck, and aggressive urinary drainage (/0). 


(1) Immediate repair occurs within 48 h of the trauma. Primary realignment can 
occur by either by the gentle and easy passage of a urethral catheter or by 
endoscopic placement. This is especially effective for iatrogenic injuries, 
as most are partial urethral tears. Primary realignment may not necessarily 
decrease the incidence of stricture formation, but it results in a less severe 
injury and more simple reconstructive surgery (62—65). However, this may 
not be the case in complete urethral disruptions (66). Some early data sug- 
gested that primary realignment may have been associated with greater rates 
of impotence and incontinence, but most contemporary reviews would sug- 
gest that these complications are secondary to the injury, not the modality 
of repair (62, 63, 67). 

(2) Delayed repairs are approached with the open placement of a suprapubic 
cystostomy tube and urethral repair in 2-14 days. 

(3) Late repair refers to the patient who was initially managed with a suprapubic 
cystostomy tube, and definitive repair occurs later than 3 months after the 
initial injury. This allows the patient time to recover from the initial trauma 
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and inflammation of the tissue has resolved. The patient must be thoroughly 
assessed prior to surgery, as the urethral defect can be extensive. Definitive 
urethral anastomosis must be considered the gold standard in children, as 
the “cut to the light” procedures have been shown to have very poor long- 
term outcomes (62). 


Before undertaking the delayed repair, simultaneous retrograde urethro- 
gram and suprapubic cystogram are used to estimate the length of the defect 
and assess the competence of the bladder neck (63). Simple posterior repairs, 
up to 2 cm in length, can be repaired with an excision and anastomosis of the 
bulbar stricture, with a >95% success rate (65, 68). Direct urethrotomy may 
be considered for post-operative short strictures, but should not be consid- 
ered a long-term primary intervention. More extensive urethral defects may 
require pubectomy, an abdominoperoneal approach, or a trans-symphyseal 
route for the urethra (65, 69). Defects >4 cm are often treated in a staged 
fashion, with excellent results attainable with buccal grafts. 

Long-term morbidity can be significant with up to 70% of prostatic 
injuries associated with erectile dysfunction (65, 68). Controversy exists 
regarding the etiology of impotence, and although most contemporary series 
report that this is due to the initial injury (54, 62, 63, 67), some data has 
shown an association with the type of repair (65, 66). Therefore, erectile 
deficiency needs to be thoroughly evaluated and documented before attempt- 
ing any delayed repair (70). 


GENITAL INJURIES 


Traumatic genital injury is uncommon in pediatrics, and all healthcare 
providers must always be wary of abuse. In a recent review by Onen et al., 
21% of their injuries were secondary to abuse (7/). A thorough history has 
been shown to be the best determinant of accidental trauma versus abuse 
(72). However, physical exam can be difficult, and a prompt referral to an 
abuse specialist is highly recommended (73). 

External female injuries include bruising and lacerations to the labia and 
vagina. Due to the etiology of these injuries, a high index of suspicion for 
associated urethral, pelvic, or rectal injuries must be maintained (74). Minor 
lacerations can usually be managed in the emergency department, with small 
absorbable suture for lacerations. 

Larger lacerations, especially those involving the vagina, may bleed 
profusely. This mandates a thorough examination under anesthesia to com- 
pletely assess and effectively repair. Vaginal bleeding is controlled with run- 
ning absorbable sutures and post-operative vaginal packing (74). 

Pediatric male external injuries primarily involve lacerations of the penis 
and scrotum, occurring secondary to a fall (75). Most of the lacerations are 
minor, but usually contaminated, so are best dealt with by irrigation and 
secondary healing. More extensive injuries will need surgical exploration 
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for more extensive debridement and primary closure, and may require 
cystoscopy to evaluate the proximal urethra. Extreme care must be taken 
with animal bites, with aggressive debridement, antibiotics, and vigilant 
post-operative monitoring (76). 

The most common penile skin injury, however, is iatrogenic, secondary 
to a neonatal circumcision. Even an extensive penile degloving will heal 
very well with wet to dry dressings. If there has been a complete loss of the 
shaft skin, and it is available, the excised penile skin can be replaced as a 
full-thickness skin graft (77). Circumcision may also result in amputation of 
the glans, which requires immediate reattachment (78), or urethrocutaneous 
fistula (79), which can present immediately or in a delayed fashion. 

A unique scenario in pediatrics is the “hair tourniquet.” An errant hair 
becomes encircled around the shaft or glans, and can result in an insidious 
strangulation and ischemia (76). The hair can at times be difficult to see 
due to the associated edema. Early release routinely results in no long-term 
consequence (/0). However, a late presentation can result in necrosis, ure- 
throcutaneous fistula, or erosion through the neurovascular bundle and loss 
of sensation (76, 80). 


Scrotal Injury 


With scrotal injuries, care must be taken to ensure the tunica vaginalis 
has not been violated, as this mandates irrigation and primary closure. Blunt 
trauma to the scrotum can also result in testicular rupture, mandating early 
surgical repair. Ultrasound and MRI are effective and making the diagnosis, 
but surgical exploration must be considered even if a definite violation of the 
tunica albuginea is not seen (S/). A hematocele or intratesticular hematoma 
may herald a tunical rupture, 3with the potential of extruded seminiferous 
tubules, and therefore requiring intervention (70, 8/). A recent review of 
the American trauma registry revealed that no testicular injuries resulting in 
testicular loss were reported from team sports (/). 
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American Trauma Registry, 369 
Angiotensin conversion enzyme 
inhibitors (ACEI), 313 
Anterior urethral valves (AUV), 30-31, 
283-284 
Anticholinergics use, 85 
Antimicrobials pediatric dosing, 57 


Anxiety management 
intravenous sedation, 129 
oral sedation, 129 
patient and parent positioning, 
129-130 
Appendicovesicostomy, 332 
ARPCKD, see Autosomal recessive 
polycystic kidney disease 
(ARPCKD) 
Arteriovenous fistula (AVF), 363 
Arteriovenous malformations, 114-115 
Asphyxiating thoracic dystrophy, see 
Jeune syndrome 
Asymmetric redundant penile skin, 163 
Asymptomatic bacteriuria (ABU), 40 
Cardiff—Oxford Bacteriuria Study 
Group study, 58 
non-treatment of, 58—59 
school-age girls with, 58 
ATN, see Acute tubular necrosis (ATN) 
Autosomal dominant polycystic kidney 
disease (ADPKD), 18-19 
amniocentesis treatment, 144 
chorionic villae sampling 
treatment, 144 
polycystic kidney disease gene, 144 
Autosomal recessive polycystic kidney 
disease (ARPCKD), 18, 
143-144 
AVF, see Arteriovenous fistula (AVF) 


B 
Bacterial infection, 116 
Balanitis xerotica obliterans 
(BXO), 160 
Bardet—Biedl syndrome (BBS), 
143-145 
Beckwith Wiedemann syndrome, 342 
Behavior modification, 83 
Bifid scrotum, 173 
Biofeedback, 84 
Bladder 
anomalies 
bladder diverticulum, 29—30 
neurogenic bladder, 27—29 
vesicoureteral reflux, 26—27 
capacity, 5 
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injuries 
augmentation rupture, 365 
extraperitoneal ruptures, 366 
imaging, 365 
intraperitoneal ruptures, 366 
post-void images of, 16 
ultrasound, 15 
Bladder diverticulum 
congenital out-pouching, 29 
neurogenic dysfunction, 30 
outlet obstruction, 30 
VCUG use 
post-void image from, 29 
Bladder/urinary reservoir, 314 
exstrophy 
clean intermittent self 
catheterisation (CIC), 316 
with man born, 317 
intestinal urinary reservoirs 
abdominal fluid collections, 
317-318 
anastomotic neoplasm, 318 
hyperchloraemic acidosis, 317 
Mitrofanoff channel, 
manipulation of 
instrument, 319 
reservoir stones, 317 
risk factors, 317 
with ureterosigmoidostomies, 
317 
vitamin B12 deficiency, 317 
malignancies in, 319 
posterior urethral valves (PUV) 
poor prognostic significance, 
factors, 315 
renal failure, progressive 
nature, 315 
valve bladder, 315 
Blood urea nitrogen (BUN), 297 
Botulinum toxin, 86 
Boys, mean blood pressure norms, 3—4 
Branchio-oto-renal syndrome, 
145-146 
Buccal graft, 188—189 
BUN, see Blood urea nitrogen (BUN) 
Buried penis, 169-171 


C 
Carney’s syndrome, 350 
Cell surface adhesion molecules, 40 
Cerebrohepatorenal syndrome, see 
Zellweger syndrome 
CHARGE syndrome, 146 
Children’s Oncology Group 
(COG), 342 
Chordee, 168 
“Chronic atrophic pyelonephritis,” 45 
Chronic renal insufficiency (CRF), 48 
Clean intermittent self catheterisation 
(CIC), 316 
Clear cell sarcoma, 345 
Cohen cross-trigonal reimplant, 256 
Congenital hepatorenal fibrocystic 
syndromes, 143 
Congenital penile nevi, 166-167 
Congenital reflux nephropathy, 47 
Congenital urethral fistula, 164 
Congenital urethral strictures, 284 
Constipation with voiding dysfunction 
and UTI, 84—85 
Cortical necrosis, 109 
Cryptophthalmos syndrome, see Fraser 
syndrome 
Cryptorchidism, 109, 179 
Cystic disease, 106 
Cystitis 
intramuscular aminoglycoside, 56 
oral amoxicillin, 56 
oral timethoprim- 
sulfamethoxazole, 56 
single-dose therapy, 56 


D 

da Vinci surgical system, 327-329, 331 

Daytime incontinence, 75 

Daytime urgency-frequency 
syndrome, 42 

Delayed hematuria, 364 

Denys—Drash syndrome, 342 

Desmopressin, 85 

Detrusorsphincter dyssynergia 
(DSD), 76 

Diethylenetriaminepentaacetic acid 
(DTPA), 273-274 
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Differential renal function (DRF), 
213, 218 
Dipstick method 
results 
false-negative, 92 
false-positive, 92—93 
Disorders of sexual development 
(DSD), 311 
Diuretic renography, 13 
Dorsal penile nerve block (DPNB), 
128-129 
Double JJ ureteral stent size, 10 
DSD, see Detrusorsphincter 
dyssynergia (DSD) 


E 
Eagle—Barrett syndrome, see Prune 
belly syndrome 
Ectopic kidney, 17—18 
Ehlers-Danlos syndrome, 146 
Embryonic stem (ES) cells, 290-291 
Endotoxin, 40 
End stage renal disease (ESRD), 
272, 284 
Eutectic mixture of topical anesthetics 
(EMLA), 129, 131-133 
Extravesical ureteral reimplantation 
advantages, 258 
Lich-Gregoir repair, 258 
Zaontz modification, 260 
with Palmer modification, 259 
as salvage therapy, 261 
for unilateral reflux, 260 
ureteral stenting, 258 
ureteral tapering, 259 
Ex vivo functioning renal units 
in vivo functional renal structures, 
297-298 
EliSPOT assay, 297-298 


F 
Familial hematuria, 142 
Fanconi’s syndrome, 149 
Female genitalia 
imperforate hymen, 133-134 
labial adhesions lysis 
betamethasone cream, 133 


conjugated estrogen cream, 133 
eutectic mixture of topical 
anesthetics, 133 
vaseline ointment, 133 
prolapsing ureterocele, 133 
Fetal face syndrome, see Robinow 
syndrome 
Fetal urology hydronephrosis 
classification society, 5 
Fetal urology ureteral dilation 
classification society, 6 
Focused abdominal sonography for 
trauma (FAST), 361 
Follicle-stimulating hormone 
(FSH), 209 
Fraser syndrome, 146 


G 
GBM disease, see Glomerular basement 
membrane (GBM) disease 
Genetic syndrome 
familial hematuria, 142 
IMAGe, 152 
inheritance, 141 
non inheritance, 141 
pelvis syndrome, 152 
Genital tissues 
corporal smooth muscle collagen 
matrices, 299 
injectable therapies 
chondrocytes, 300-301 
fibroblasts, 300-301 
Leydig cells, 301-302 
myoblasts, 300 
testicular dysfunction, 301 
penile prostheses, 299 
Genitourinary trauma 
bladder injuries 
augmentation rupture, 365 
extraperitoneal ruptures, 366 
imaging, 365 
intraperitoneal ruptures, 366 
epidemiology, 357-358 
evaluation and imaging, 359 
genital injuries 
hair tourniquet, 369 
scrotal injury, 369 
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radiographic imaging 
CT scan, 360 
IVP, 361 
retrograde pyelogram, 361 
ultrasound, 360-361 
renal injuries 
congenital anomalies, 358, 360 
hematuria, 359 
hemodynamic stability, 358 
UPJ disruption 
triphasic CT, 363 
urethral injury 
iatrogenic, 364 
management of, 367 
retrograde urethrogram, 367 
Genitourinary tumors 
adrenal tumors, 346—348 
renal tumors 
clear cell sarcoma, 345 
malignant rhabdoid tumor, 345 
renal cell carcinoma, 345 
Wilms, 342-345 
rhabdomyosarcomas, 352-354 
testicular tumors, 349-351 
Germ cell tumors 
platinum-based multiagent 
chemotherapy, 350 
retroperitoneal lymph node 
dissection, 350 
teratoma, 349-351 
yolk sac, 349-350 
GFR, see Glomerular filtration rate 
(GFR) 
Girls, mean blood pressure norms, 3—4 
Glanular adhesions, 162 
Glenn—Anderson technique, 257 
Glomerular basement membrane 
(GBM) disease, 101—102 
Glomerular filtration rate (GFR), 313 
Goldenhar syndrome, 147 
Goodpasture’s disease, 105, 121 


H 
Hematuria 
American Academy of Pediatrics 
recommendations, 92 
biopsy, 123 


classification, 94 
cystoscopy, 123 
defined, 92 
epidemiology, 94 
evaluation of, 118-119 
centrifugation and microscopic 
analysis, 93-94 
false-positive tests, 93 
urinary “dipstick” test, 92 
glomerular and non-glomerular 
distinguishing features, 95 
glomerular causes from 
acute post-streptococcal 
glomerulonephritis, 99-100 
Alport’s syndrome, 101 
glomerulonephritis associated 
with SLE, 103 
Goodpasture’s disease, 105 
hemolytic-uremic syndrome, 105 
HSP, 103-104 
IgA nephropathy, 100-101 
membranous glomerulonephritis, 
102 
MPGN, 102-103 
RPGN, 104-105 
thin glomerular basement 
membrane (GBM) disease, 
101-102 
work-up, 122 
gross, 97 
etiology, 98 
history, 120 
laboratory testing, 122 
macroscopic 
algorithm for management, 
119 
microscopic, 96 
algorithm for management, 119 
etiology, 97 
and physical examination findings, 
121-122 
proteinuria, 122 
radiologic testing 
renal Doppler ultrasound, 123 
ultrasound and CT, 122 
referral, 124 
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referral-based retrospective 
studies, 99 
renal interstitial diseases and 
ATN, 108-109 
cortical necrosis, 109 
cystic disease, 106 
interstitial nephritis, 107—108 
nephrocalcinosis, 106-107 
nephrotoxins, 109 
tumors, 109-110 
from urinary tract 
bacterial infection, 116 
heavy exercise, 118 
hemorrhagic cystitis, 117 
idiopathic hypercalciuria, 
115-116 
Loin pain-hematuria 
syndrome, 118 
nephrolithiasis, 116 
obstruction, 117 
urethrorrhagia, 117—118 
urine protein/creatinine ratio, 122 
vascular causes of, 110 
arteriovenous malformations, 
114-115 
coagulopathies and 
thrombocytopenia, 114 
nutcracker syndrome, 115 
renal artery thrombosis, 114 
renal vein thrombosis, 112—114 
sickle cell nephropathy, 112 
trauma, 111—112 
Hemolysin, 40 
Hemolytic-uremic syndrome 
(HUS), 105 
Hemorrhagic cystitis, 117 
Henoch-Schonlein pupura (HSP), 
230-231 
pathogenesis of, 103 
renal manifestations, 103 
Hereditary osteoonychodysplasia, see 
Nail—patella syndrome 
Hernias 
diagnosis of 
herniography, 197 
silk glove sign, 197 


inguinal, 196—199 
pathophysiology, 196-197 
treatment for, 196—198 
Hinman’s syndrome, 45 
Horseshoe kidney, 18 
Human chorionic gonadotropin 
(HCG), 348 
Hydrocele 
background and treatment 
communicating hydrocele, 200 
non-communicating 
hydrocele, 200 
consideration in, 201 
Hydronephrosis, 15 
etiology of, 21 
megaureter, 236 
postnatal 
CT scan, 243 
diuretic isotope renogram, 241 
diuretic renography, 242-244 
hydronephrosis and reflux, 
245-247 
interquartile range, 242 
magnetic resonance 
urography, 242 
prenatal renal dilation, 240 
renal pelvic dilation, 240, 
242, 246 
surgical intervention, 243—245 
°°MT¢-mercaptoacetyltriglycine, 
242 
technetium 
99m-diethylenetriamine 
pentaacetic acid, 242 
ureterovesical junction 
obstruction, 241 
voiding cystourethrogram, 
241, 246 
prenatal 
dating scan, 236 
hydroureteronephrosis, 238 
left kidney massive dilation, 238 
prostatic urethra, 238 
renal pelvic dilation, 237 
urinary tract dilatation, 236 
primary/secondary, 20 
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routine antenatal diagnostic imaging 
with ultrasound trial, 236 
Society for Fetal Urology grading 
system for, 20 
sonography, 235-237, 241 
ultrasound of duplicated collecting 
system with, 22 
Hypercalciuria, 96 
Hypertelorism-hypospadius 
syndrome, 147 
Hypertension 
chronic, 364 
transient, 364 
Hypospadias, 109 
associated conditions 
cryptorchidism, 179 
birth defects, 177 
diagnosis, 179 
etiology 
cause, 178 
tip of glans, 178 
urethral opening, 178 
ventral curvature, 178 
incidence, 178 
long-term data of repair, 189-190 
preoperative evaluation, 179 
reoperations, 187 
inlay grafting, 188 
staged buccal grafts, 188—189 
tip, 188 
Hypoxanthine-guanine phosphoribosyl 
transferase (HGPRT) 
enzyme, 147 


I 
Idiopathic hypercalciuria 
cause of, 115 
multi-center study of, 115 
pathogenesis, 115 
treatment, 115 
Idiopathic scrotal oedema, 230 
IgA nephropathy, 100-101 
Imaging modalities 
contrast VCUG, 16 
ultrasound, 14—16 
Inconspicuous penis 
buried, 169-171 


webbed, 171 
Incontinence 
detrusorsphincter dyssynergia 
(DSD), 76 
dysfunctional voiding, 76 
extraordinary daytime urinary 
frequency, 76 
giggle incontinence (GI), 76 
ICCS classification of 
continuous and intermittent, 
75-16 
overactive bladder/urge 
incontinence, 75 
underactive bladder, 75—76 
urodynamic study in, 82 
vaginal reflux/voiding, 76 
voiding postponement, 75 
Indwelling tubes and catheters 
management, 139-140 
Intermittent incontinence, 75 
International grading system for VU, 5 
International neuroblastoma staging 
system, 346 
International Prostate Symptom Score 
(I-PSS), 43 
International Rhabdomyosarcoma study 
(IRS), 353 
International Society of Pediatric 
Oncology (SIOP), 342, 344 
Intersex disorders, 147 
Intravenous pyelography (IVP), 271, 
274, 279 
I-PSS, see International Prostate 
Symptom Score (I-PSS) 
IRS, see International 
Rhabdomyosarcoma study 
(IRS) 
Ischemic priapism, 171 
Isolated primary nocturnal enuresis, 42 
ItalKid Project data, 48 


J 
Jeune syndrome, 143, 145 


K 
K-Capsular antigens, 40 
Kidney 
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anomalies of 
collecting system duplication, 
21-22 
hydronephrosis, 19-20 
pyelonephritis, 23—24 
renal cystic diseases, 18—19 
renal ectopia, 17 
stones, 22—23 
unilateral renal agenesis, 17 
UPJ obstruction, 20-21 
ex vivo functioning renal units 
blood urea nitrogen, 297 
hypertension 
diastolic blood pressure by age 
in, 313 
DMSA scan, 313 
scars, 313 
multicystic dysplastic, 19 
nuclear imaging, 16-17 
renal function 
blood pressure measurement, 
tests for, 312 
GFR and ACEI, 312 
protein/creatinine ratio, 312 
renal function, 312 
without dialysis/transplantation, 
patients surviving percentage, 
312-313 
tissue production, 298 
Klinefelter’s syndrome, 168—169 


L 
Laparoscopy 
anesthetic concerns 
elective laparoscopic 
retroperitoneal urological 
surgery, 326 
pediatric urological laparoscopic 
surgery, 326 
lower urinary tract 
appendicovesicostomy, 332 
Pfannensteil incision, 332 
orchiopexy, 328—330 
pyeloplasty 
da Vinci surgical system, 
327-329 
open pyeloplasty, 326 


retroperitoneal approach, 326 
robotic-assisted, 327—328 
transperitoneal approach, 326 
ureteropelvic junction 
obstruction, 326, 328 
renal ablative surgery 
open procedures and, 330 
retroperitoneal approach, 331 
transperitoneal approach, 331 
and subinguinal group, comparison 
of, 334 
ureteral reimplantation 
extravesical, 333 
intravesical, 333 
Lich—Gregoir, 333 
megaureter, 333 
transvesical, 333 
vesicoureteral reflux, 332-333 
varicocelectomy 
varicoceles, 333 
Lateral penile curvature, 168 
“Lazy bladder syndrome,” 42, 75-76 
Lesch—Nyhan syndrome 
allopurinol as xanthine oxidase 
inhibitor, 148 
hypoxanthine-guanine 
phosphoribosy] transferase 
enzyme, 147 
renal calculi, 148 
Lichen sclerosus et atrophicus, see 
Balanitis xerotica obliterans 
(BXO) 
Lich-Gregoir repair, 258 
Loin pain-hematuria syndrome, 118 
Lower urinary tract 
appendicovesicostomy, 332 
infections 
anatomic abnormalities, 43 
toileting habits, 43 
voiding dysfunction in 
children, 42 
Pfannensteil incision, 332 


M 

Malignant rhabdoid tumor, 345 

MCDK, see Multicystic dysplastic 
kidney (MCDK) 
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MDSC, see Muscle derived stem cells 
(MDSC) 
Mean fetal renal length, 5 
Meatal stenosis 
cause and symptoms, 161 
congenital, 161 
meatotomy/meatoplasty, 161 
Meckel—Gruber syndrome (MKS) 
prenatal ultrasonography, 145 
Meconium periorchitis, 231 
Median raphé cyst at penoscrotal 
junction, 166 
Megalourethra, 31 
Megameatus intact prepuce (MIP), 179 
Megaureter 
bladder ultrasound, 24 
causes, 24 
Melnick—Fraser syndrome, see 
Branchio-oto-renal syndrome 
Membranoproliferative 
glomerulonephritis (MPGN) 
diagnosis, 103 
histological classifications, 102 
prognosis in children, 103 
systemic cryoglobulinemia, 102 
treatment, 103 
Menkes disease, 148 
Mercaptoacetyltriglycine (MAG-3) 
scan, 271, 273, 277 
Microhematuria, 96 
Micropenis, 168—169 
MIP, see Megameatus intact prepuce 
(MIP) 
MIS, see Miillerian inhibiting substance 
(MIS) 
MPGN, see Membranoproliferative 
glomerulonephritis (MPGN) 
Miillerian inhibiting substance (MIS), 
204, 210 
Multicystic dysplastic kidney 
(MCDK), 19 
disease, 106 
Munchhausen syndrome, 118 
MURCS syndrome 
renal agenesis, 148 
Muscle derived stem cells (MDSC), 300 


N 
Nail—patella syndrome, 148—149 
National Wilms Tumor Study (NWTS), 
343-345 
Nephroblastoma, 109 
See also Wilms tumors 
Nephrocalcinosis, 106 
diffuse, 107 
linear pattern of, 108 
Nephrolithiasis 
American Urologic Association 
guidelines, 116 
imaging for detection, 116 
incidence of, 116 
surgical intervention, 116 
symptoms, 116 
UTI, 116 
Nephrotoxins, 109 
Nesbit dorsal excision, 168 
Neurogenic bladder 
imaged by VCUG and ultrasound 
“Christmas Tree” bladder, 27—28 
post-void residual, 29 
Nocturnal enuresis, 72 
bladder capacity and function 
urodynamic (UDS) testing, 73 
combination of behavioral therapy 
with desmopressin, 86 
genetic factors, 73 
nocturnal polyuria and ADH, 73 
psychological and sleep 
disorders, 74 
Nocturnal incontinence, 75 
Noonan syndrome, 149 
Nuclear imaging 
of bladder, 17 
of kidney, 16-17 
of scrotum, 17 
Nutcracker syndrome, 115 
NWITS, see National Wilms Tumor 
Study (NWTS) 


O 

OAB, see Overactive bladder (OAB) 

Oculo-auricular vertebral complex, see 
Goldenhar syndrome 
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Oculocerebrorenal syndrome of 
Lowe, 149 

Open procedure and laparoscopy, 332 

Opitz G/BBB syndrome, see 
Hypertelorism-hypospadius 
syndrome 

Overactive bladder (OAB), 75 


P 
Pain management 
American Academy of 
Pediatrics, 128 
dorsal penile nerve block, 128 
EMLA cream, 129 
local anesthetics, 129 
procedures on penis, 128—129 
Parameatal urethral cyst, 165 
Paraphimosis, 160 
Patch EMG-uroflow test, 78—79 
Pediatric urology office 
papoose board, 128 
sandbag, 128 
surgical instruments tray, 128 
Penile procedures 
circumcision 
epinephrine-soaked 
sponges, 131 
free-hand technique, 130 
Gomco clamp technique, 
130-131 
Mogen clamp technique, 
130-131 
neonatal, 130-131 
Plastibell technique, 130-131 
surgical cellulose, 131 
topical thrombin, 131 
meatotomy, 132 
paraphimosis 
IV sedation, 132 
oral sedation, 132 
penile adhesions 
betamethasone as steroid 
agent, 131 
EMLA, 131-132 
physiologic, 131 
Vaseline as petroleum-based 
ointment, 132 


Penis 


abnormal penile orientation 
curvature, 168 
penile torsion, 167 
circumcision, 160 
complications after, 161 
congenital anomalies, 159 
glanular adhesions and skin 
bridges, 162 
length and size, 159 
mass 
congenital penile nevi, 166-167 
cyst of median raphé, 166 
inclusion cysts, 165 
parameatal urethral cyst, 165 
meatal stenosis, 161 
micropenis, 168—169 
necrosis, 163 
prepuce (foreskin) 
phimosis and paraphimosis, 160 
skin complications 
asymmetric/insufficient prepuce 

excision, 162 

trauma, 162-163 
Penoscrotal erythema, 103—104 
Penoscrotal transposition, 172 
Penoscrotal Z-plasty, 171 
Perforated appendicitis, 231 
Persistent fetal folds, 276 
Peutz—Jeghers syndrome, 350 
Pharmacotherapy, 85 
Phimosis, 160 
Politano—Leadbetter technique, 257 
Polycystic kidney disease, 

96, 144 
Polymorphonuclear leukocytes, 40 
Posterior urethral valves (PUV) 

cystoscopic view, 284 

detrusor hypertrophy, 30 

diuretic renography, 30 

endoscopic valve incision, 283—284 

lower and upper urinary tracts, 30 

prognostic indicators, 282 

ultrasound of, 30 

upper urinary tract diversion, 283 

valve bladder, 283 
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Post-streptococcal glomerulonephritis 
(PSGN) 
development of, 99 
diagnosis, 100 
physical examination, 100 
treatment, 100 
Prader—Willi syndrome 
high-resolution karyotype, 150 
hypogonadism, 149 
Prenatal hydronephrosis, postnatal 
evaluation, 10 
Prenatal renal dilation (RPD), 240 
Priapism 
types 
ischemic, 171 
nonischemic, 172 
stuttering, 171-172 
Primary phimosis, 160 
Prostatic urethra (PU), 238 
Prostatic utricle, 31 
Prune belly syndrome 
abdominal wall flaccidity, 150 
abnormalities, 150 
management of, 150 
Psoas abscess, 231 
PUV, see Posterior urethral valves 
(PUV) 
Pyelonephritis 
cortical scarring, 24 
DMSA scan of child with, 23 
renal inflammation, 23 
treatment, 56 
combination therapy, ampicillin 
and aminoglycoside, 58 
third-generation 
cephalosporin, 58 
ultrasound findings, 24 
using static renal scintigraphy, 23 
Pyeloplasty surgical technique, 
274-275 


R 

Radionuclide renography, 273 

RADIUS trial, see Routine antenatal 
diagnostic imaging with 
ultrasound (RADIUS) trial 


Rapidly progressive glomerulonephritis 
(RPGN) 
high-dose prednisone and 
cyclophosphamide 
therapy, 105 
renal biopsy, 104 
serologic studies, 104 
Reflux nephropathy 
congenital reflux nephropathy, 47 
“end-stage” kidneys, 45 
post-pyelonephritic renal scarring 
ischemia-related alteration, 46—47 
refluxing porcine model, 45 
renal insufficiency, 48—49 
renal parenchymal scarring, 45-46 
renal scarring/dysplasia sequelae 
hypertension risk, 47-48 
renal function, 47 
“water-hammer” effect of VUR, 45 
Regenerative medicine 
biomaterials 
extracellular matrix, 288 
polyglycolic acid, 289 
polylactic acid, 289 
poly lactic-co-glycolic acid, 289 
bladder augmentation 
immunocytochemical 
studies, 294 
urodynamic studies, 294 
bladder, gastrointestinal segments, 
293-294 
bladder regeneration 
non-seeded allogeneic acellular 
matrices, 294 
bladder replacement 
engineered bladder, 295-296 
cells cloning 
embryonic stem cells, 290-291 
reproductive, 291 
somatic cell nuclear transfer, 291 
therapeutic, 291, 298 
female genital tissues 
electrical field stimulation 
studies, 300 
polymer scaffolds, 299-300 
genital tissues 
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corporal smooth muscle collagen hypertension, 363-364 
matrices, 299 management of 
injectable therapies, 300-301 gross hematuria, 361 
kidney surgical management of 
ex vivo functioning renal laparotomy, 362 
units, 297 See also Genitourinary trauma 


penile prostheses, 299 
seromuscular grafts and 
de-epithelialized bowel 
segments, 294 
urethra 
collagen matrix, 292-293 
small-intestinal submucosa, 292 
urologic and genital structures, 292 
Renal ablative surgery, laparoscopic 
open procedures and, 330 
retroperitoneal approach, 331 
transperitoneal approach, 331 
Renal abscesses 
diagnosis, 60 
imaging techniques, 60 
Staphylococcus aureus by, 60 
Renal and bladder ultrasound in 
children 
indications for performing, 14 
Renal artery thrombosis 
management, 114 
thrombotic involvement, 114 
Renal cell carcinoma, 345 
Renal cysts 
multiple bilateral, 107 
renal anatomic abnormality, 106 
Renal failure treatment, 61 
Renal pelvic dilation (RPD), 237, 240, 
242, 246 
Renal sonogram, 15 
Renal transit time (RTT), 274, 278 
Renal trauma 
endoscopic and radiologic 
intervention 
angioembolization, 363 
arteriovenous fistula, 363 
renal angiography, 363 
urinary extravasation, 363 
long-term complications of 
delayed hematuria, 364 


Renal tumors 
clear cell sarcoma, 345 
malignant rhabdoid tumor, 345 
renal cell carcinoma, 345 
Wilms, 342-345 
See also Genitourinary tumors 
Renal vein thrombosis (RVT), 112 
clot associated with, 113 
diagnosis, 114 
hypercoagulability, 113 
long-term follow-up, 113 
management of, 114 
thrombus formation, 113 
Retroperitoneal lymph node dissection 
(RPLND), 350, 353-354 
Rhabdomyosarcomas 
bladder 
IRS, 353 
paratesticular, 353-354 
prostate, 352, 354 
uterine, 352 
vaginal, 352, 354 
Robinow syndrome, 150 
Routine antenatal diagnostic imaging 
with ultrasound (RADIUS) 
trial, 236 
RPGN, see Rapidly progressive 
glomerulonephritis (RPGN) 
RPLND, see Retroperitoneal lymph 
node dissection (RPLND) 
RVT, see Renal vein thrombosis (RVT) 


S 
Scrotal anomalies 
bifid scrotum, 173 
complications 
fistulas, 185—186 
meatal stenosis, 186-187 
urethral diverticulum, 187 
urethral stricture, 187 
wound disruption, 187 
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indications for surgery, 180 
penoscrotal transposition, 172 
preoperative hormone stimulation 
androgen therapy, 180 
topical and parenteral 
testosterone therapy, 180 
scrotal hypoplasia, 172 
surgical repair 
correcting penile curvature, 
183-184 
distal hypospadias, 181—182 
proximal hypospadias, 182-183 
timing of surgery, 181 
Scrotal ultrasound in children 
indications for performing, 15 
Secondary phimosis, 160 
Sertoli cell tumors, 350 
Sexuality and fertility, 319 
exstrophy females 
labia, 320-321 
uterine prolapse, 322 
vagina, 321 
exstrophy males, 320 
Cantwell—Ransley operation., 321 
deformity, 321 
penis in, 321 
tight dorsal chordee, clinical 
photograph, 321 
ventral Nesbit’s procedure, 321 
gross persistent anomalies, 320 
hypospadias, repair, 320 
man with uncorrected hypospadias 
and chordee, 321 
penoscrotal/perineal hypospadias, 
320 
posterior urethral valves 
seminal abnormality, 322 
and pregnancy 
spina bifida, risk in, 322 
UDT, 322 
women with GFR, 322 
Sickle cell disease 
glomerular and capillary 
hypertension, 151 
low-flow priapism, 151 
sickling phenonmenon, 151 


tubular dysfunction, 151 
SIOP, see International Society of 
Pediatric Oncology (SIOP) 
SIS, see Small-intestinal submucosa 
(SIS) 
Skin bridges, 162 
SLE, see Systemic lupus erythematosus 
(SLE) 
Small-intestinal submucosa (SIS), 292, 
294-295 
Smith—Lemli—Opitz syndrome, 151 
SNCT, see Somatic cell nuclear transfer 
(SNCT) 
Society of Fetal Urology Grading 
System, 20 
Somatic cell nuclear transfer 
(SNCT), 291 
Sonography for UTI, 52 
Stromal tumors 
Carney’s syndrome, 350 
Peutz—Jeghers syndrome, 350 
Sertoli cell tumors, 350 
Stuttering priapism, 171-172 
Suprapubic aspiration 
5-French feeding tube, 138-139 
14-gauge IV cannula, 138-139 
11/4 inch 25-G needle, 138 
lidocaine anesthetic, 138 
percutaneous suprapubic 
catheter, 138 
prepackaged suprapubic kits, 138 
sonographic imaging, 138 
Systemic lupus erythematosus (SLE) 
diagnosis of, 103 
immunosuppressive therapy, 103 
WHO classification, 103 


T 

Tanner staging, 8 

°°mT¢-Dimercaptosuccinyl acid 
(DMSA), 16-17, 21, 23, 26, 
37, 41-43, 46-47, 52-55, 
2933: 913 

Tc-99m Diethylenetriaminopenta-acetic 
acid (DTPA), 16-17, 21, 51, 
242, 273-274 
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°°MT ¢-Mercaptoacetyltriglycine 
0°°™Tc-MAG3), 51, 242, 
213,201 
Testicular tumors, 231 
adjuvant therapy 
germ cell tumors, 349-350 
gonadoblastoma, 351 
stromal tumors, 350-351 
presentation and evaluation 
alphafetoprotein, 348-351 
surgical approach 
inguinal orchiectomy, 349 
Testis 
anomalies 
acute testicular pain, 31-33 
Thin basement membrane 
nephropathy, 143 
Thin glomerular basement membrane 
(GBM) disease, 101 
COL4A4 and COL4A3 genes 
mutations, 102 
diagnosis of, 102 
physical examination and laboratory 
values, 101 
Thrombolytic therapy, 114 
Tricyclic antidepressants (TCA), 85 
Turner syndrome 
renal ultrasonography, 151 


U 
UDT, see Unilateral undescended testis 
(UDT) 
Undescended testicles 
anatomy, 204 
consequences of 
hernia, 207 
infertility, cryptorchidism, 206 
neoplasia, orchidopexy, 207 
testicular torsion, 207 
definition of 
atrophic testis, 205 
cryptorchidism, 205 
embryology 
Leydig cells, 204 
MIS, 204 
testicular descent, 204 
Y chromosome, 204 


epidemiology, 205 
history and physical examination 
cremasteric reflex, 208 
hypertrophied gonad, 208 
retractile testis, 208—209 
hormonal evaluation 
follicle-stimulating hormone, 209 
karyotype, 209 
hormonal treatment, 210 
nonpalpable testicle 
control traction, 213 
dartos pouch, 213 
laparoscopic approach, 213 
orchidopexies complications, 213 
palpable testicle 
dartos pouch, 212 
Fowler—Stephens procedure, 211 
Prentiss manoeuvre, 211 
radiological evaluation 
false-negative CT scan, 209 
MRI studies, 209 
surgical treatment, 210 
Unilateral undescended testis 
(UDT), 322 
Upper urinary tract infections 
acute parenchymal inflammatory 
damage, 43 
Lewis blood group negative 
individuals, 45 
P-blood group phenotype, 45 
vesicoureteral reflux, 43 
Ureterocele 
“cobra head’’/“spring onion” 
findings, 26 
dilute contrast and early imaging, 25 
“drooping lily” findings, 26 
imaging of, 25 
VCUG use, 25-26 
vesicoureteral reflux, 25 
Ureteropelvic junction (UPJ), 358, 
360, 363 
ureteropelvic junction obstruction 
(UPJO), 20-21, 117, 253, 
326, 328 
antegrade endopyelotomy, 275 
contralateral, 272 
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dorsal lumbotomy approach, 274 
endoscopic treatment of, 275 
laparoscopic pyeloplasty, 275 
lower pole, 274—275 
retrograde method, 275 
robotically assisted 

pyeloplasty, 275 


Ureters 


anomalies 
megaureter, 24 
ureterocele, 25—26 


Urethra 


anomalies 
anterior urethral valves, 30-31 
megalourethra, 31 
prostatic utricle, 31 
PUV, 30 
catheterization 
coudé tip catheter, 135-136 
Foley catheter, 137 
8-Fr catheter, 134—135, 137 
5-Fr feeding tube, 134 
22-G IV cannula, 137 
22-G stainless steel wire, 
135-137 
lacrimal duct probe, 135 
lidocaine gel, 137 
non-latex straight urethral 
catheter, 134 
ophthalmic ointment, 137 
oral prophylactic antibiotics, 137 
oral sedation, 137 
straight catheter, 137 
suprapubic aspiration, 137 
topical betadine prep, 134, 137 
injury, 163 


Urethrorrhagia 


bulbar urethral inflammation, 117 
cystoscopy, 118 
management, 117 
self-limiting and benign 
disorder, 117 


Urinalysis, 116 
Urinary tract infection (UTI), 14, 272, 


274, 276-277, 279-280 
bacterial virulence factors 


aerobactin production, 40 
alpha-hemolysin production, 40 
capsular antigens, 40 
endotoxin, 40 
P-fimbria presence, 40 
P-fimbriated E. coli, 41 
diagnosis, 38 
acute pyelonephritis in febrile 
infants, 49 
clinically significant 
bacilluria, 49 
fever, 49 
urine culture, 49 
evaluation of 
epidemiologic and clinical 
data, 50 
lower tract imaging, 50-51 
“top-down” approach, 54—55 
upper tract imaging, 51-54 
febrile and non-febrile, incidence 
of, 39 
gender and age, 38 
host defense and risk factors 
lower urinary tract 
factors, 42—43 
peri-meatal colonization, 41 
perineal factors, 41-42 
upper urinary tract 
factors, 43—45 
infections by 
E. coli, 39-40 
Klebsiella spp., 39—40 
Proteus spp., 39—40 
Pseudomonas spp., 39—40 
ocult bacteriuria 
incidence of, 38 
risk of, 38 
treatment, 55 
antibiotic prophylaxis, 59—61 
asymptomatic bacteriuria (ABU), 
58-59 
cystitis, 56 
pyelonephritis, 56, 58 


Urinary tract obstruction 


anterior urethral valve, 283—284 
congenital, 270-272 
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congenital urethral strictures, 284 
distal ureter, 275—276 
ectopic ureter 
epidemiology and etiology, 
276-277 
management 
orifice endoscopic dilation, 
management, 278 
presentation and diagnosis, 
277-278 
hydrocalycosis 
intravenous pyelography, 271 
hydronephrosis, 270-273 
infundibulopelvic dysgenesis 
cystic dysplasia, 272 
end stage renal disease, 272 
urinary tract infection, 272 
vesicoureteral reflux, 272 
mercaptoacetyltriglycine scan, 271, 
FAR 21] 
persistent fetal folds, 276 
posterior urethral valves 
epidemiology and 
etiology, 282 
French feeding tubes, 
management, 283 
presentation and diagnosis, 282 
preureteral vena cava 
inferior vena cava, 275 
type II ureter, 275 
type I ureter, 275 
prolapsing ureteroceles, 281 
single system ureteroceles, 280 
streptokinase, ureteral filling 
defects, 279 
ultrasound (US) screening, 270 
ureteral filling defects 
ureteral stenosis and stricture, 276 
ureteral valves, 276 
ureterocele 
epidemiology and etiology, 279 
3-French bugbee electrode, 
management, 280 
presentation and diagnosis, 279 
ureteropelvic junction obstruction 
epidemiology and etiology, 272 


management and 
complications, 274 
presentation and diagnosis, 273 
ureterovesical junction 
diagnosis and management, 
281-282 
epidemiology and 
etiology, 281 
urethral atresia, 285 
voiding cystourethrography, 271, 
273, 279-280, 283 
Urodynamics in children 
by catheterization of bladder and 
rectum, 80 
characteristics, 81 
hardware items used, 81 
parameters, 81 
video use, 82 


V 
VACTERL association, 151—152 
Valve unilateral reflux dysplasia 
(VURD) syndrome, 282 
Varicoceles 
adolescents and varicoceles 
idiopathic varicocele, 195 
detection of 
prader orchidometer, 193 
subclinical varicoceles, 193 
risk factors for 
nutcracker effect, 193—194 
VCUG, see Voiding cystourethrography 
(VCUG) 
Vesicoureteral reflux (VUR), 272, 
277-278, 280, 282-283 
after hydronephrosis, 26 
cortical scarring, 26 
cyclical VCUG use, 27 
cystoscopic injection, 262 
endoscopic management, 263 
injection material, 264 
diagnosis, 251 
positioning instillation of 
contrast, 252 
radiographic, 252 
embryology, 251 
etiology, 250 
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grading, 27, 253 intermittency, 74 
incidence of, 249 nocturia, 74 
laparoscopic techniques straining, 74 
Cohen cross-trigonal ureteral symptoms in children 
reimplantation, 262 with, 74 
extravesical reimplants, 262 urgency, 74 
Glenn Anderson repair, 262 weak stream, 74 
transvesical reimplantation incontinence 
approach, 261 clean intermittent catheterization, 
open surgical correction 86 


anti-reflux surgery, 255 
principle of, 255 
pregnacy and, 253 
presentation/symptomatology, 251 
radionuclide VCUG use, 27 
reimplantation, 255 
Cohen cross-trigonal reimplant, 
256 
cross-trigonal technique, 256-257 
extravesical ureteral 
reimplantation, 258—261 
Glenn—Anderson technique, 
257-258 
intravesical ureteral 
reimplantation, 256 
Lich—Gregoir repair, 258 
Palmer modification, 259 
Politano—Leadbetter technique, 
256-257 
ureteral tapering, 259 
resolution rates, 10 
treatment options 
management, 254 
prophylactic antibiotics, 254—255 
urologic abnormalities, 249, 253 
Voiding cystourethrography (VCUG), 
13, 271, 273, 279-280, 283 
in boy with smooth bladder, 16 
vesicoureteral reflux, 23 
Voiding dysfunction in children, 
42-43, 71 
dysfunctional voiding scoring 
system, 44 
ICCS definitions of 
daytime frequency, 74 
hesitancy, 74 


EMG-uroflow, 80 
evaluating, 77 
ICCS classification of, 75—76 
investigation, 78—82 
management, 80-86 
surgical management, 86 
pathophysiology, 72-73 
physical examination, 72, 
771-18 
without neurogenic/anatomic 
abnormality, 72 
von Willebrand’s disease, 114 
VUR, see Vesicoureteral reflux 
(VUR) 


W 
Wagr syndrome, 342 
Webbed penis, 171 
Wegener’s granulomatosis, 121 
Wilms tumors, 17, 109—110 
Beckwith Wiedemann 
syndrome, 342 
chemotherapy, 344—345 
computerized tomography 
scanning, 343 
Denys—Drash syndrome, 342 
genetic syndromes, 152 
magnetic resonance 
imaging, 343 
NWTS, 343-345 
radiation therapy, 345 
trials by 
COG, 342 
SIOP, 342, 344 
Wagr syndrome, 342 
Wilms tumor gene 1 
(WT1), 342 
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Wilms tumor gene 2 (W72), 342 Z 
See also Genitourinary tumors Zaontz modification of Lich-Gregoir 
repair, 260 
X Zellweger syndrome 
Xanthogranulomatous pyelonephritis, chorionic villus sampling, 152 
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